
THE ARCHIVES 

OF 

INTERNAL MEDICINE 


F I) 1 r O in A L B O A K 1) 

j<)s{ !>u I ».*it n It o. 

HICHAPD C CMJOT nri!<.n TUI <> C JANLV/A'i Nrw ^t.fk C.iy 

CnOHGF DtJCK St I 04.. WAlUiniD I 1 OSaCOPL, Nf« 'i «tl C.i, 

V.’ s NIA^H' n.It.motr 


VOLI’MI JX 

1912 


CHICAGO 

AMCniCAN MCDICAL ASSOCIATION 
PUBLISHERS 




CONTENTS or VOLUME I\ 


JANUAH'i NUMBLU ! 

Im: oi It>3*>r\T3' » Itfioit ut 1 " t nt i 

Cruv'^ L PiMf' f I m'j: 't I> Ni 1 

\ ( riJK (t 73 ! I ^ 'U)f \vtt h» , t'H j I 3 % (>5 j' M I> 

Sr ],oi jw JJ 


Im kn rn i«m l^ r<7 1 s 3 \».% 1) \ ' ‘jI t !<»’* V> » i i / 1 Mj .* i i r, '>M) \ > 

Anroi Ml' !' ’>2 

I’l I ‘-I'-n '.T P ’.“'1 '>? * ‘iV ni’ 1)1 < It s P(H M > t i, nti D'’«. 

( r.Mir r.i’oojv^-, P''- *' 

WniSTlt'N'' 1» Ml 'MtMltK t> I 'I P.jit*’i * \US("IS*{. T33» 

Or‘-oM< lMti\ \Nnii s ( i n if <•’ ini 'Ijo'-it j /.<>'> Pii-i^^itu 

ClUf'lf'M St/MU'OI vl llttl '*! ■ ( ]’t IIN. P)I’I 1) '.I \’. ^ t)l K \M) 

(' n N. MI) \,v\'\.‘S \ 

A Sn 1)1 01 Tin iSiooD \M> 1 1 n Pi i^,\ N i^\ \ t i u P-ii \ n i m Xn ii 

i>rcT0’''i fkMi Dtn i’ll I Ml 5" 1 \ >t» til tin I imm 

Si run 31) Ari'i IS rn nn m:<» » ui iiu Ii’n’i* lloi’n''C’ I \n,. 

''0\ Piiii I), ’Alt'! Ml” I ^MiM Piiii 1). X'l ^«'lll: 75' 

Ja ^ 3 ro'-ii 3 \\ irir M P< I’oi c oi aa I m \t < ^*-3' s ''lunt si . MI), 

AM) .1 C fcOnr^''A*^ M I) , <• (iKAOo 'i') 

SOMl' Ol'^tl r%jvTlu'rMfi‘j^ TJJ4 JJlOOI) Pll ‘'‘'l 1 3 PvMsIM, SlJs-lANtl 03 ’111) 
Aiahmat-i IN. \f-ivn \i)3’iN\i iNsi 1 1 If n.\( \ .1) \N V ( ooK) , M 1) , 

•'''I'X \''i V) )■'' ' 

'Jlir-lil N 01 iMiniDlM l)0N\f.I IN 'I l lUI’f Ut IN 'JlIIUAin, 

Miutiam CuAum Miini Ml) wn K\ii. 11 Van XorM\N .Ml), 
PiTisutuon' 111 


Book Rimiw Modm' ' 'lui vjmini 
.M I) AND Jl i; M Lnndir M 1) 


iDiiii) in IlouM'i AMOin II vui . 

12S 


rnBRUARY. 1012 NUMBER 2 


SiuiJiis 03 MMAm\ iv PAV\n\ III 'Jm Piioiof.^ oi iii3' Pm nii:o 
unic JIlmogi oisiAurio 1 ii»i oi JIUArKWAJj r Fi vi.u A Pin riMiNAUv 
RiU’OPi Wai'ji'u V Bill M. Ml). B<)s ANfW ii s ]2'i 

'Jiin P.Olc or Acidosis or ini' 'Jissui s as a Faciou in 'inr Puoducxion oi 
AX Attack ix IMiiontsmai IlrMOf.i oiunui’m Oscmi BiuoiiADbux, 

B A , M 1 ) , Ci.ncinxat I 1 37 

OnSLHVATIOXS ON 'Illr FuUID CoN'II NTS oi A Cisr OccuiniNG tiid Kpioas 

Tuic Bioiox or Tiin Ariiomun III nun A Ciiristiax, MD, Boston 14.3 
A Nnw MmioD or DnrrmriMNO Vi xoos Br ood Pin ssunr A Ar.rXAMii u 
Hownrx, Itl 1 ) , Piiidadi lphia 1 111 

StJUAcuTE and Chronic Niimiritib ab Found in Onr 'Ihousand Unsi 

i.i:GrrD Krciiorsirs W OriiBis, M D , San Francisco ir>(; 

A PnlUMOGRARHIC SrUDN OF BlSRlRAlORY iRRl.OUl.ARirirs IN Ml NINOITRS 

Lrwis A Connor, M D , and BAmr G Stirtaian, IVI D , Nrw York 203 
A Study or Striirtococcus Antirodii s in Scarrdt Fivir with SrrciAT. 

RdFFRDNCD to COArPI.DMDNT FIXATION KrACTIONR JOHN AT.IH UT InOR- 
MEP M D , PlIIRADrRPHIA 220 



CONTENTS OF VOLUME IX 


I’AGE 

OssEO Aebumoid as a Possible Pbecdrsor of Bence Jonfs Protein An 


Exferiiientae Study Jacob Rosenbeooai, 2\I D , New York " 23G 

Spontaneously Precipitated Bence Jones Protein in Urine Jacob 
Rosenblooii, M D , New York 255 

A Simple Instrument for Detersiining the Coagulation-1 ime or the 
Blood Wuliam W Duke, MD , ]Uvnsas City, Mo 258 

The Neuroserological Findings in Tabes, General Paresis, Cfrebro 
SPINAL Syphilis, and Other Nervous and Mental Diseases D M 
IvApLAN, M D , and Louis Casamajor, :M D , New York 2G2 


MARCH, 1912 NUMBER 3 

Studies in Bone Metabolism Iiie Etiology of Non-Puerplral Ostlo 
jialacia F H McCrudden, M D , and II Falls, S B , New York 273 

The Phthalein Test An Experimen tal and Clinical Study or Phlnol- 
SULPHONEPHTHALEIN IN RELATION TO ReNAL FUNCTION IN HEALTH AND 

Disease L G Rowntree, M D , and J T Geraghty, M D , Baltimore 284 
A Case of Pancreatic Diabetes ]Melhtus Herman 0 Mosenthal, M D , 
New York 339 

Orthodiascopic Observations Concerning a Certain Type of Sjiall 
Heart and its Relations to Some Gen^eral Systemic ArrucTioNs 
I Adler, M D , and 0 F Krehbiel, M D , New York 346 

The Influence of Ividney Extracts on the Blood-Pressure Supple- 
iiENTARY Note Richard M Pearce, M D , New York 302 

Hemorrhagic Disease — Septicemia, ]\Illlna Neonatorum and Hepatic 
Cirrhosis G H Whipple, M D Baltimore 305 

Book Review The Parasitic Amebas or Man By Charles F Craig, M D 400 


APRIL, 1912 NUMBER 4 


Linguatula Sebbata (Larva) in a Native Central American S T 

Darling, M D , and H C Clark, MD , Ancon, C Z 401 

Blood Pressure in Cheyne Stokes Respiration L J Pollock, M D , 
Hospital, III 400 

The Effect of PBESsuRE-LowERI^G Drugs and Therapeutic Measurfs 
ON Systolic and Diastolic Pressure in ISIan Charles H Law- 
rence, Jr , M D , Boston 409 

The Cause of Malarial ANEiiiA, and the Intravascular Migrations 
OF THE Malarial Parasite Mary Rowlfy-Lawson, M D , New Lon- 
don, Conn 420 

The Glycy'ltky'ptofhan and Tryptophan Tests for Cancer of the 
Stomach Charlfs H Sanford, M D , and Jacob Rosenbloom, 

M D , New York 445 

Artificial Pneumothorax as a Treatment or Pulmonary Tubercu- 
losis Samuel Robinson, M D , and Clfaveland Floyd, M D , Boston 462 
Chronic Focal Infections and Their Etiologic Relations to Arthritis 
AND Nephritis Frank Billings, M D , Chicago 484 

Chronic Oral Infections Thojias L Gilmer, Sc D , M D , Chicago 499 

Bacteriological and Experimental Observations of Focal Infections 

David J Davis, M D , CmcAGO 505 


Parasite Amebas in the Intestine of ]Man, with a Study of the Proto 
zoA Found in the Intestines of Healthy Men in the Southern 
United States Preliminary Note Eugene R Whitmore, MD, 
Fort Barrancas, Fla 

The Practical Value of Noguchi’s Luetin Reaction H F L Ziegel, 
M D , New York 



ro\ r/ ^ r,< oi ^ nij \u tx 


MA'i PI 2 NUMRJIR 5 , ^ 

1 in I)i \(;no‘'Is f^ii (oMinn o» r\*.«<*\Tii ‘'M'Mjon 

I^T^ ‘-TIM I'ni! nn Ri'-mi*’ <•* Ok } ?<hn \'n» \« Imni’i 

M«*NT'' Winnr Tu'^'Ton AJO Vi v. Hv^i > ( <i\'- 'j'. 

1 in V\n 1 01 An'-r*’ r>!0'^ in i»>* \\ \ >-» 5 nsN’ 1 « --1 « Ii 

MD Vn^ VnnK 'r.! 

\ I'l nrm (• Ki ihi’ t on tk* T' }t<i « tson u, ( kmink V i .t 

nri’i IN \Nr'\T:> i" “in oi \ iW'^n ' n. *'r’. 

r^INT'^T r OlCJPON 1 ‘ (lo.O'ToI r>PN( 3 ‘(i> ')'>7 

'N I'M’nmiNTM Siinvoi jin in -p' rn^ftM } t>i ij^.w r < nj}-* 

JCTO'n John H Mi '•‘•Hi Tj? O rmiMHijn^ 'oj 

III! P}TI^I)K^^ OT I'M’! Pn’T'il <^ 1 '<<*••!' I \ loHn, I‘ni'7K>N- <i! 
y.\rv\(n^ CP Tin HM'on!^‘•l'- ic H’li 1 Vihh MO nNO Di 
Lrwi*- Ml) ('inc cc.ft ».fil 

Im OrrmiNT! or 'S\‘!nt ‘'in » r \*n'W!H<’i’ in Hi'hn mmm \mj It' 
I'vn’orT\Ncr in hu oj h’ W v*’ <m\nn WrM-nn 

Him •!’!» Di \ 7 * I . M 1 ) \Ni) f 1 (!'''«»! Ml).(HVH\Nf» i.or, 

in 1 nr nil InilvOr^T’'' in lMH'nN\tt it!" .itlOH* \M> l’NjtMnN|\ 
Ta.MP'' \l!‘\1Ntl!Ii Mllt* • MI) \MI MMf\!>r \ in ti. \ P Nl 1. 

Voi’K 

PnoK Pi’Miw — Nn’iniiH \n I m h p*‘ .f’ \Nt» t!n!(\) sti ii\ n{ Ir-- 
VvTin ( M ‘•i an!i nn Piinctiiis t„ Itn Ki nn P» M^itin H 
1 I ‘•emit I. iT 


JUNn PI 2 NUMBKH G 


A ( IINK \I *.M) lilsinpif.K M *'!! lO nj \ ( 01 !)!*•' \‘'l OI Till 

Bonin \’nH Minii’ii Smicomk Ioimviion O (’ (!i’t niu, MI) 
r A C ScriiMc.n MI) cnd L I nvn u M 1) , ■\Jontk>‘\i 0!1 

Tiir ProGNosis oi Ann mini n\ M itk on M mini t f \nts 'Iinooom B 
BvnniNGin Jr. MI), in Con \ioit\noN Wirii ^Iorn^n n M.M’niN, Ml) 

Xnv Youk G 57 

MiTAron^M or Sclimi in an* Adi’it Ioiin Bm "nnn, M T) , \ni) C P 

HoMArn D , Ioma ( ity GCJ 

'ItPFncoW'is or TUI Srn fn M ( M iNirnNii/, M I) . Baitimoki 080 

Stldus or Mviariv in Pan'ama IV Bn ation or Maiaiua to OTiirn T)in- 
tanhs MiTir PsriciAi BirrniiNci to D^sintitwY M'AiTrn V Brum, 

M D , Lor Averr rs 008 

STtmiA ON* Tur rjrcuTATioN IN "Man* V En rcT on* tiii Br/ioo Frem in* 

Tin TTvno or Aitimno Dm nn nt Pni ssutu s io nn* Urrrn Arm A 
foNrnroTioN to tut rriNiOAT MrARonrMiNr oi Bioon Pni rrI'Ki* 

O V Stir art rn\rRANr) O 700 

A MnTnoo rnn Tin* Microrcopic Enaaiin \tion or riARTRir Extracts ano 
or Frers Frank Smitiiii n, JT 1 ) Bocitfstpr, Minn 730 




The Archives of Internal Medicine 


Vol I\ JANUMtY J 0 J 2 No 1 
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L J’lKIUI MI) 

( oii‘-iiUi!i}z Ni ( J u" ( ••h.jn f«ij Ipilrptu- Sohm'I, X V 

•xM\ \<ii'K 

'liii-o TdiMilv- on iho cuinhilit) of nliojiiUliK t'pi!i'p»\ aic* inndc to 
slinu tlijii ihv ‘•n-cojd ihh of nric^i oi diie. t'\on in ‘•tnoio and 

lon^-^-tandni" (n=c~. and aho on thr* puipn-o of ieiMnj)lin‘'i/'in'i the nece^'- 
‘5lt^ of deprndintr on an inton-uc njipluaiion of tlie •'O-cnlk'd In'iienic 
nietl’od of ticatindit. in (ontiadi-tiiu tnni to the -^cdninc j»lan of ticat- 
inenl pci sc 

I ■'linll tonfinc nn loinniK- (o (1) an anah^-i^- of tlio ditoiia which 
‘^liould constitute a eui(‘ (2) the jnesentation of a ‘•olu'ine to follow in 
u«injr the Ingienic jilan , (d) the di^-disdon of ‘•onie of the thcoiics by 
which eiiies aic bioutrhl about, (!) piesentation of ‘-onic of the main 
leasons win relaji'-es ocein wiih illnstiatne (a-xcs. (d) the considciation 
of the question of ppontancons dues, and (0) biief notes of some twent}'- 
nine cases of cuies, logcUiei with loinnient'' on the special featnies of the 
indnidnal case^ The cluneal notes of the cuics aie foi the most pait 
diawii fiom nn own e\peiience while fiif-t assistant ph-^sician at the 
Ciaig Colony foi Epileptics, and fiom pin ate piactice 

Aside fiom the cases lepoilcd in this jiajiei foi the hist time, there 
aie bnt few authentic data at hand iclativc to ciiied idiopathic epilepsy 
Theie is plenh of evidence, and not a few statements, at hand showing 
that fiom 5 to 10 pei cent of idiopathic epileptics aie cured, but caieful 
case lepoits hacking these hguics do not exist All of ns should look to 
this defect Aside fiom hacking the statistical peicentage of ciiies, careful 
case lepoits may teach ns a nioic definite and scientific theiapy of the 
disease 

TIJIE LIMIT FOR CURES 

If considerable discussion has aiisen concerning the length of time a 
patient should be free fiom fits befoie a cure may be declaied, not a 
little confusion has aiisen relative to wdiat constitutes a state of idiopathic 

'^Read befoie the Amencan Nemological Association, Baltimore, Md , May 
12 , 1911 
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epilepsy In a general wa^ it ma} be ^aul that both questions must be 
settled to the satisfaction of the indnidual mind All things are relative, 
se\eral sei7Uies do not constitute a state of epilepsy I have Imoun good 
trained obsei\eis to withhold a diagnosis of the disease even aftei an 
extensile senes of genuine grand nial coveiing a peiiod of several }ear6 
has been m evidence It iiould seem, lioiseiei that a common-sense vieiv 
should obtain legardmg the mattei Altliough no nice question ivhether 
the cases repoited lieiein are idiopatbics oi not can be an issue, the occur- 
rence of lepeated fits o^er a peiiod of two }cars where no adequate 
organic lesion vas piesent ought oidinaiil) to suffice to make a diagnosis 
of idiopathic epilepsy certain 

Inasmuch as the time limit constituting a cure in idiopathic epilepsy 
varies fiom two to twenty oi eien thirt) years, one needs to foimulate 
some moie definite data than a mere time criteiion on which one may 
depend Indeed, it would be fai better to eliminate the woid ^^cure” in 
thi'? connection and substitute the teira “ariest” iniile such a change 
might, fiom practical reasons, be undcsiiable, especial]\ in piivate prac- 
tice, one ought to explain to the patients the exact new meaning with 
which the term is used to designate the more oi less uncertain length of 
time the cure may last and tlie conditions under which a lelapse of the 
former disease may be expected 

CmiABILITY 

There are not a few clinicians to-day wdio deny^ with their protoh'pes 
Esquirol and Delasauve, that idiopathic giand mal epilep'=y is absolutely 
incurable and that they have never seen a cured patient A few even deny 
that the disease is evei really arrested Confronted with a case in instance 
they take refuge in a denial of the diagnosis Such skepticism is be 3 ^ond 
relief 

foreshadowing the simple hygienic plan of tieatment of our day, 
Hippocrates declared the disease curable up to the age of 14 years by 
proper regimen and change of abode It is necessary, however, he adds, 
that the mind be normal (not insane and in an absence of the ps 3 '^chic 
stigma of the disease), and that the body be given to some occupation 
Suetonius stated that the Eoman emperor Caligula was cured of epilepsy 
during adolescence In modern times Boerhaave and some of his contem- 
poraries and successors believed in the curability of epilepS 3 '' Trousseau, 
writing before the introduction of bromids, believed that in the space of 
twelve years he had seen twenty cures among 150 patients 

While it may never be possible to determine exactly how much spon- 
taneous cure or arrest may figure even in cases under the most intensive 
treatment, the situation is not without parallel in other adjacent fields of 
neurology and psychology Spontaneous cures, on account of the natural 
tendency for self-perpetuation of the disease and the imperfect application 
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of the hygienic principle- rnrch occm aOicii flicic i= the "-lighlcst '^iignia 
of the (li=cn=e. Tt nnn he \\t1] (Imihird {hni cpilcp=} can he rounted ns 
cst'"bli=hcd in the ‘^o-ealkd ‘•pontannon^- ciirc- ’.\hi('h arc reported to 
have taken place at the age of 3 oi }c.ir= 7 he irtlcv charaetci of 
simple convulsion- at tin- c.nh age nic of loo ficqiant icpori to vnrrnnt 
so eaily a diagnosis of c=t iiilFiifd rpilcp-\ U i=. ]lOv.e^cr, significant 
and of moment aho to note th.il in ncaih all ench cn‘-'= the Ir.'ricinc plan 
of treatment fitmu” larcch if not e''clnci\oh Spoiitaneoii'^ cine- raioh 
if eier occur hetween .1 or fi \C!ir- of and Ihc acre of 20 \ear=, a 

V tr 

period comnionh dc=i!in{ncd both b} In and piorc=-ioiial inUicc in vhich 
a patient ma^ he c'jifrted to ^*oiu<:rov ' hi^^ dp-’.pc ''J he chance- of 
spontancoti‘5 cure imjiroio gri.itl% vnh nd\ancni''' uai- up to 55 }cars. 
after which fev cuch cure- are noted Fcri'. hovcNCr upnited at Ica^t 
four such cn^ee in ihc forlie- 1 hue n(\c‘i ‘■can one after 37 \eai5 of 
age One mat get hi=toiic- of ‘-poniaiu oii'- cini-^- fn, nnahii- 1>\ obtaining 



Chart 1 — ^Sho^\lng age A\hon fit'? first occurred in U\enli*iune c'i'jcs 

records of such from patients consulting one for afTections other tlian 
epilepsy and m whose family histones spontaneous cuies have occurred 
FTot a few such cases mav be studied, especially in epilepsies hegmiiing 
before the age of 10 years 

TREATMENT 

In all the spontaneous cuies I have been able to studjq the caieful 
adoption of some self-applied plan of hygienic treatment is m evidence 
Piobahly the favorable termination in many such cases has influenced 
most epileptologists in planning a bioad, rational living plan foi Ins 
patients under exact medical supei vision It is interesting to note, as 
reports of spontaneous cures decrease m number in literatuie, cuies or 
arrests under treatment are of more frequent report The fact, no doubt, 
accounts to some extent for oui more optimistic view's regaiding the cura- 
bility of epileps}', a credit to our efforts not fully warranted Maisonnier 
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sa^^ Po-called spontaneous cuies in 4 pei cent of Ins patients Ileipin 
had 5 pel cent in Ins expeiience, and Yoisin sau three sucli cures in 750 
cases undei Ins examination Again, Delasauve knew of but tuo cuies 
m 2,000 ea‘=cs at the Bicetie The astonishing]'^ laige pcicentage of the 
foimei authois leads one to tliink tliat the diagnosis uas probably in 
eiioi I knou of but a half dozen such cases in an expeiience of seieial 
thousand Goweis states that tiue epilepsy developing late in life may 
sometimes undeigo spontaneous cuie 1 have never seen such a case 
The time element alone is as vvoithlc'^s as peicentages of cuies unae- 
coinpanied bv actual case histones One cannot airive at an-^ thing 
definite legaiding oui subiect as to the peinianency of a cuie oi aiiest 
vvathout knowledge of the psjchical and somatic factois of individual 
cases being known Foi instance, not a few wiiteis repoit cuies when the 
patient has passed but a yeai oi so of fieedom fiom attacks, although the 
patient still lemains undei sedative tieatment The cuied patient must 
be able to assume chaige of his oi hei affairs, assume the responsibilities 
of life He should have a tiue insight into the natuie and conditions 
which brought about the disease He should be able to direct his efforts 
to ward off the ii regularities of life in futuic In short, a changed 
mental attitude toward himself and his environment maiks the stability 
of an airest far more than a meie cessation of fits If the one-time 
patient does not become tractable and self-regulative I do not hold that 
the cure will be permanent The irritability must disappear, ambition 
and proper initiative must return and above all the memory must show 
decided mending In a physical way the digestion and piocesses of 
elimination must approximate the noimal even undei slight digres'^ions 
of the diet The individual must not be easily influenced unfavorably by 
slight lapses in the routine In brief, the stability and normality of the 
mental and physical health must form a definite part of the criterion as 
to the permanency of an anest oi cuie In such cases with a forniei 
history of weekly or monthly attacks and m wdiicli an arrest fiom fits has 
taken place for a period of twm oi three years, I count cured patients of 
epilepsy I do not apply this criterion to patients treated by sedatives 
In such, a peiiod of several months oi even a year may be required to fulh 
eliminate the sedatives fiom the sj'stem The nerve-tissue is remaikably 
slow in yielding up sedatives such as the hroinids, once thoroughly satu- 
rated in their use Hot infrequent^ an arrest of attacks precedes a cure 
(m the sense of the criteria laid dowm in this paper ) for a yeai oi more 
In point of fact, most epileptologists have learned to disregard the con- 
tinuance of fits in a measure if the other more subtle but pregnant signs 
of improvement aie in evidence The majority of the permanent cures 
show a gradual subsidence of fits instead of an abrupt cessation It is 
unfortunate that in this disease the patient who becomes lost to view is 
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the one most likel}" to have become cnied Such cases aie fai from lare 
Such a eiicumstance lias often diseouiaged similai studies of our subject 
x4.iiest or cuie is much moie likely to he hi ought about in cases developing 
before the age of 10 It is 'well knoun that little dependence can be 
placed on the meie void of a patient that he has had no fits for a term 
of 3 eais Therefoie detailed histones of cuies seem almost inseparable 
from colony oi institutional life But cases dra'wn fiom this material 
should not be a standard of cui ability of the disease, as the most unfavor- 
able cases are usually sent to these institutions foi epileptics 

Willie -ouiteis on our subject dilTei in minor details on the make-up 
of the piinciples of the so-called hj’gienic method or non-sedative plan 
of treatment, nearly all are agreed that tlie issues of diet, occupation, 
recreation and mental training and discipline are the essential components 
of it 

Afje 45- 40- 35- 30- 25- 20- 15- 10- 8- 

48. 45- 40 35 30 25 20 15 10 8 



Chart 2 — Ages when the same series of twenty -nine patients were cm ed 

To my mind, the introduction of special medicaments of sedation in 
the epilepsies has been fraught 'with moie harm than good The seda- 
tives have clouded the issues of causation and prognosis to a remarkable 
extent They have dislocated and cloaked the errors of metabolism in the 
epilepsy problem -without giving commensurate aid I decidedly take 
issue with Tere’s and Turner’s views that the introduction of the bromids 
has aided the prognosis, especially as regards permanent cures The 
bromids mask the progress of the disease and make a full understanding 
of the forces at woik in the individual case almost unbelievably complex 
I have seen many patients treated by sedatives steadily advance in phys- 
ical, mental and moral deterioration in the face of a steady cessation of 
fits In not a few the account of a prolonged suppression of fits is squared 
by an ontbuist of status epilepticus or a furious maniacal attack Bear- 




G AECEITES OF INTERNAL MEDICINE 

ing this catastrophe m mmd, it is easy to rinderstand the origin of the 
statement that the biomids ea'iW become “outworn ” 

T^’lien Me learn that the biomids aie not really cuiative agents we shall 
relegate them to a real use (1), as a theiapeutic means of determining the 
seveiit}’ of the disease ivith which ive have to cope, by determining the 
sedative le^el necessaiy to hold the fits m check, and (2) as adjuvants 
after all discoveiable causes aie set right and in such cases needing some 
small degree of sedation to bridge over expedient periods In cuied 
patients on whom the biomids have been used it would seem that the 
results aie brought about in spite of the bromids rather than because of 
their use Thanks to a constantly inci easing data of anatomico-patho- 
logical stud> in the epilepsies^ ve non recognize more and more that tiue 
epilepsi IS a real cortical disorder of which the fits aie but one of the 
psj^chic incidents, and that the seizuies should no longer usurp the whole 
field of attention with their special and specific therapy of sedation 

As regards diet in the cure of the epilepsies, it undoubtedly holds 
first place in any hj'gienic sj stem Fully two-thirds of all patients with 
so-called idiopathic epilepsies show some functional anomaly of metab- 
olism This defect is eithei congenital or acquiied, piobably more 
frequently the formei than is commonly supposed In most of mj cured 
patients some defect of this sort persists long after all other factors in 
causation have been met Indeed in many cases it has never full} 
returned to the normal although the patient continues diligent m caring 
for the diet In all my idiopathic epileptics I institute an intensive tiain- 
mg and dietetic regimen as thoroughlj’’ watched and carried out as though 
the patients were to enter an athletic contest calling for the highest degree 
of endurance TJsually this scheme, adjusted to individual needs, is 
placed in the hands of a nurse-trainer who reports to me in daily records 
of minutest details The tiainer lives with the patient and on the same 
schedule He is the pace-setter Ho doubt the scheme presuppose^ an 
interest on the part of all concerned m the small affairs of life but the 
results seem to warrant the method At the risk of makmg the scheme 
seem commonplace I shall undertake to give a general plan for a tiqncal 
case, of a young man of 20, who has what I term a metabohc defect as 
the inciting factor of his epilepsy The example will necessarily seem 
sketchy but I shall fill m details and explanations at another time 

The following is what I understand to he an application of the hygienic method 
of treatment The patient is placed first of all with a nurse trainer in a con- 
genial but quiet country environment, away from the family by preference The 
daily schedule runs about as follows The patient rises at 6 a m and takes 
ten or fifteen minutes of a gradually increasing severe grade of active calisthenics 
with Indian clubs, medicine hall or weights He then takes a glass of hot water, 
a cold shouer-hath and a brisk rub down, and breakfasts on an egg, small amount 
of cooked cereal, a glass of milk and some stewed fruit Immediately after 
breakfast he takes a walk G to 8 miles, ivhich he covers in running and walking 
in about one and a half hours He then takes a glass of milk with or without 
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raw eggs, and one oi two strips of zwieback He is then given a sliower-batb and 
lies down for fifteen minutes He then woiks at sawing wood or some equally 
useful occupation imtil 12 30 He then lies down without undressing, sleeps 
or not for half an hour and is then given dinner of fish and milk, vegetables, 
cereals and stewed fiuit This meal should be eaten in not less than forty 
minutes He is then allowed to sleep for one hour, after which he does wood- 
sawing again as in the morning, and luid-af tei noon lunch follows with rest From 
5 to 6 p m he is allowed to follow some light intellectual occupation — reading or 
study Suppei of milk, eggs, cereal and stewed fruit is given at 6 30 This meal, 
as bieakfast, is light and should occupy at least thirty minutes in eating The 
patient is then allowed games, recreation, etc , until 8 30 He then takes the 
special tieatment of a warm bath and general massage, etc , and is in bed for the 
night at 9 30 No alcohol, tobacco, tea or coffee is allowed The patient is 
encouraged to drink at least two quaits of -water daily High colon irrigations 
are given every other night until the colitis is i educed, and every ten days castor 
Oil, or calomel in divided doses is given The articles of food in the three-meal- 
diet are changed every foitnight The occupation is also changed every two 
weeks if desired The patient is steadily encouraged to work and play at con- 
cert pitch, rest complete and absolute is also insisted on No slack or “taking it 
easy” in the day’s program is allowed 



Chart 3 — Duration of tieatment in twenty -nine cases 

A chronological diary report is kept of the day’s schedule and is reviewed two 
or three times a week by the physician For the first few months, a daily urin- 
alysis IS made and charted to cover the solids, urea, indican and albumin con- 
tent Almost without exception, every case showing metabolic defect has either 
indican or albumin in varying amounts for the first two or three months after 
coming under treatment In time this entirely disappears if the schedule is 
carefully maintained consistently For weeks after indicanuria is eliminated, 
some possible tiace of albumin appears in most cases Attempts to analyze the 
significance of the indican and albumin alternation ^ have not been satisfactory 
It would seem, however, to be related largely to disturbance in proteid digestion 
Stool analysis, beyond the grossest examination, has not been of practical service 
in my experience 

The theory by which euies or ariests are brought about is rather 
unsatisfactory speculation ISTevertheless the whole successful plan of 
hygienic treatment speaks very favoiably for the preconceived idea that 
the disorder m most cases is a metabolic one and a settmg right of the 
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peisonal habits and plan of living resloies the patient to a stationai^ state 
equal, if not supeiior, to his health befoic the epileps}’’ began I must 
say that I have never Icnovn a patient not benefited more oi less 
peimanently by the plan If gia\e mental and ph 3 sical deterioi ation — 
especiall} the foiinei — has already occurred, one can e\pect onl) a great 
betfeiment or a tempoiaiy aiiest at best 

cvusns or the disease 

Most authorities are nov agieed that heredity places but little oi no 
bar to recovei} My ovn piivale and ho'^pilal data unmistakablj' piove 
the coriectness of this view Theie can be no doubt that the same cau'^es 
at woik in bunging about spontaneous cuie aie opeiatne in those cases 
cured under medical caie and tiaining This is embiaced in the h}gienic 
plan and not to a specific therap} by dings pc; se In view of this fact 
the occurrence of i elapses in ai rests and ciiies aie not difficult of explana- 
tion I have nevei seen a patient eithei in hospital oi pm ate piactice 
undergo relapse without vei} adequate and obvious leasons Only too 
often the vigilance of the patient and relatives, the special therapy and the 
general regimen aie suspended or relaxed and the disease leeuis Inces- 
sant care and attention to these defects are doubly impoitant inasmuch 
as in those cases in which a lelapse occuis the lestoration of an aiiest 
again is extremely difficult, the disease is then veiy stubboin and calls 
for much moie caie and training treatment to bung it again to an airest 
The nature of the digiessions from the peisonal hjgiene is not so glaiing 
in character as some think It is more subtle than the ordinaiy foims of 
dissipation of smoking and dunking to excess, the cured patients lerert 
to irregular meals, gluttonous habits and indifleient houis of rest and 
exercise, especiall}'^ obvious in the causes provoking a lenew^al of the 
disease are mental excesses, excitement and prolonged emotional stress 

In an analysis of 138 cases in which the disease was aiiested foi one 
year at the Bethel Colony at Bielefeld, nearl}’^ a third relapsed, but in 
this lattei number hereditary or alcoholic causes played little oi no lole 
On the other hand, disturbances m the sexual life such as pregnancies, 
childbirth and the climacteric w’'ere maikedty in evidence in the lelapsing 
female patients — all these specific causes are but definite applications 
of the generic, phj'^sical, emotional and mental stress Eelapses occui 
twice as frequently in those eases cured by the use of sedatives 

In view of the fact that fulty two-thirds of all epilepsies begin under 
30 years of age, it is not surprising to know that the numbei of lecoveiies 
occurnng after early adult life is small Again, full}’^ two-thiids of all 
recoveries occur before the disease has existed longer than ten yeais The 
apparent curative effects of an intercurrent disease such as an infections 
disease, malaria or tuberculosis, are probabl}'^ mere coincidences 



L PIERCE CLARK 


9 


In an analysis of my own data of twenty-nine cases of cures, the arrest 
of attacks varies fiom two to seventeen years Tlie age of the youngest 
patient at time of cessation of attacks was 8 yeais, and the oldest at 48, 
the majoiity weie in early adult life The tieatment until cessation of 
attacks was hi ought about vaiied fiom thiee to eight yeais The fie- 
qnency of attacks in the patients vaiied from seveial attacks daily to 
occasional attacks every two oi three months. The seizures in all eases 
oceuried both by night and day The age when attacks hist occurred 
vaiied fiom earliest infancy to 26 3 ears of age Fully two-thiids of all 
the cases contracted their disease before 15 3 ears of age Two-thirds of 
all cases had a well-maiked hereditaiy taint in the make-up. either of 
epileps}’’ or insanity or both Not a little light is thrown on the reason 
why the hereditary epilepsy recovers if one accepts Southard’s contention 
that the hereditary factor is pei in'i^ssive and not mandatoiy for the occur- 
rence and continuance of epilepsy in the descendants of neurotic family 
stock In a geneial survey of all the cases one can see no special feature 


?-6 far 



Chart 4 — Frequency of attacks in twenty-nine cases 

accounting for the presence of epilepsy or its cuie in these patients aside 
from the general statement that there was a faulty physical and mental 
make-up, congenital or acquired, vicious habits of living attended espe- 
cially by gross defects of metabolism and chronic dj'-spepsia and consti- 
pation Hence the great value and effectiveness of the hygienic plan of 
treatment when applied painstakingly and with greatest care 

It may be concluded by some that I have not maintained my thesis 
m view of the care and attention to the health tlie cuied patients are 
enjoined to observe, and which they for the most part respect A careful 
analysis, however, will show that the precautions are but those advised 
by any good sanitarian as a preventive against the recurrence of almost 
any bodily disoider dependent on a constitutional weakness 

If one accepts the piimary or secondary diffuse gliosis theory as the 
epileptic process in the cerebral cortex, we can easily comprehend that 
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some geneial to\in in tlic blood must bo the exciting agent provoking 
these changes The steadily accmnulaling evidence that epilepsy is a 
diffuse lesion of the entire cortex is of piaclical moment and aids much 
in explaining the complex and bizane manifestations of the disease It 
also shows that one cannot pm faith to certain so-called pathognomonic 
signs in making up a prognosis in an individual case The pathology also 
steadily repudiates an) nariow pimciples in tieatment The most serious 
pathological bar to lecoveiy in epilepsy lies in the fact that the lesion in 
the coitex is a destructive one in the coitical elements ^ the enduring 
natuie of the vast ma^oiity of the epilepsies must be thus explained This 
not only explains the continuance of the fits but man) of the permanent 
physical and mental stigmata of the disease The importance of the most 
eompiehensive and early stud) of the individual case is obvious The 
missing links in oui loiowledge of epilepsy are its pathogenic agents and 
the stiuctural anomaly of the ceiebial coitex which permits the destructive 
onset of these exciting agents, these two factors still hold anatomico- 
pathologically the mystery of frequent relapses The gap between the 
tv/o causative factors is being steadity narrowed by the excellent work 
being done by a host of woikcis in tins country and abroad In oui own 
country Southard’s work needs to be especially studied to be fully 
appreciated 

In closing this therapeutic study of epilepsy, I wish to tliank Dr W T 
Shanahan, superintendent of the Craig Colony for Epileptics, for placing the 
material of his institution at my disposal and for other generous helps in fol- 
lowing the cases after leaving the colony 

Case 1 — ^IVIrs M S , aged 37, married, and lias had one bright, health5’^ child 
The family histoiy showed a paternal cousin as epileptic, and a paternal uncle 
had tuberculosis Patient was a delicate child from biith, the second child in 
line of birth, bi east-fed, and a fat baby She suffered much from constipation in 
childhood The school life was normal, aside fiom the irregularity of attendance 
due to easily induced fatigue Jan 6, 1893, she had her first attack, classic grand 
mal in character, during an attack of indigestion and grip Patient was then 19 
years old During the next few days, four giand mal attacks followed An indefi- 
nite history was obtained of fainting attacks for eight years (psychic?), follow- 
ing scarlet fever at 6 years of age Patient has always Iiad a congenital slow 
pulse (48 to 62) She came under my care in May, 1905, with a diagnosis of 
apparent grand mal idiopathic epilepsy, seizures more or less severe and of 
monthly occurrence She had chronic indigestion with constipation, aside from 
this she appeared well and robust The aura was that of a feeling of faintness 
and the reminiscent aura of Jackson Patient was placed on the hygienic system 
of control and treatment, and small doses of bromid (30 grains daily) for the 
first year, after which the hygienic treatment was employed, except 20 grains 
of bromid daily during menstrual period 

Patient has remained well since but for two fainting attacks in 1906 She 
has been free from attacks of any sort now for four years The pulse rate aver- 
ages now fiom 56 to 70 The indicanuria and the chronic indigestion entirely 
disappeared after the first six months of treatment 

Comment — The case of Mrs M S is an undoubted idiopathic case ivith a 
taint in the make up The difficulties in the digestion could also probably be 
called congenital The patient accumulated endogenous toxins which, together 
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physical and mental overstrain, depiessed the circulation and precipitated 
the attacks The depressing effect of the menstiual period also seemed likely to 
induce attacks on the same general principle Hei social position in life made 
heai^ demands on her, her ivhole routine of daily irregularity of diet, work and 
rest made it impossible to treat her successfully, the whole living plan had to he 
changed I believe this patient will lemain well so long as she follows a well- 
ordered plan of diet, exercise and rest All her relatnes aie peisuaded to this 
view and temptations to break fiom a -nell-sistematized life will be few 

Case 2 — V A S, aged 41, single, occupation, locksmith, came under my 
care at Craig Colony, Feb 4, 1890 Father died of paresis Tlie patient’s grand 
mal epilepsy began without knomi cause at 10 years of age At first the attacks 
were petit mal, only mildly convulsive, in two years they Aiere all grand mal in 
type At first they occurred ■neekly, at time of admission they occurred daily, 
both nocturnal and diuinal, generally the latter The auia uas described as a 
confused and dizzy feeling in the head Tlie patient ivas dull and stupid and 
appeared far advanced in dementia Had taken chloral and bromid in large 
doses Ko alcohol, tobacco or other excesses in the history The patient showed 
an irregular heart action, pulse was lapid, soft, and weak He was anemic and 
poorly nourished, and had the appearance of a w^eakling He had suffered from 
chionic indigestion for years independent of taking sedatives 

Yrs 20- 15- 10- 0- 



Chart 5 — ^Length of time of cure in twenty-nine cases 

The sedatives were steadily withdrawn and the patient gained rapidly in 
weight and general physical health He had 103 grand mal attacks in the first 
month, eight or ten in the next month, three the third month and none thereafter 
He had no attacks after June 12, 1896, and has had none since During most 
of his residence at the colony, the patient w'orked steadily in the printing shop 
and gradually acquiied this trade, which he has followed since He has taken 
the greatest care of his health since, and has led a thoroughly hygienic life, he 
supports himself and mother The mental state is quite that of the average 
of his station in life 

Comment — ^This patient was among the first admitted to Craig Colony and 
was imder my personal care throughout his stay there The sedatives were Avith- 
drawn in this case not so much from a conviction that they were actually harm- 
ful to the patient’s disease, but that he was in such poor physical health that 
a temporary cessation of sedatives was absolutely necessary As is common in 
such cases, the patient has to pass thiough a disciplinary course to make a truce 
with, necessity and learn that a well-regulated, systematic life was absolutely 
essential if he was to remain well To this day he iigidly adheres to this plan 
and probably in consequence remains a well man No small amount of physical 
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and mental haini this piilient sufTeied fiom the injiulicions use of bioimd and 
chloial can he gainsaid 

Cask 3 — C W, male, 17 icais old, family histoiy of epilepsy, insanit\ and 
alcoholi^in, iheiimatism and tuhoicnlosis Pcisonnl history always good Small 
pox at 5 and nhile in the coinalc^cent stage he had a i elapse, septicemia set m 
and multiple abscesses foimed Aftci a prolonged convalescence fiom the i elapse 
infantile cciebral heniiplegia deicloped Hie coinnlsions Meie, hoMoier, general 
and continued for many houis The next day aftei the convulsions a left" hemi- 
plegia was noticed Ihe convalescence from Ins lesion was pioloiiged, and three 
months "aftei the initial stioke he had status hciniplegiciis iinil.iteialis (left) 
attended by high fevei Hieie weie foitj seven giaiid nial fits in four hours, 
thej all occuiicd with an ordci of nuisculai imiich. beginning in the left hand, 
the side paialj/cd, as is usual in such cases lie has now giand nial petit nial 
and psychic attacks of epilcpsj cveij two oi three months, two three, and five 
times daily The hvpertiophy of the left calf on the paralvred side was first 
noticed three jcais ago The leinaindoi of Die loft side, lionev'ei, leiiiains mod- 
el ately atiophic, tiiie to the usual type or law of infantile ccrebial palsy cases 
The fits are alvvavs followed by a inoic oi loss maikcd exhaustive paralysis in the 
side most participating in the spasm Hie boy is right-handed 

Since the initial report of this case of hemiplegic epilepsy m 1904^, as an illus 
tiation of hypertrophy in paialj/ed parts, the patient has been iindei constant 
obseivation The tieatment has been along the gcneial hygienic lines laid dovvTi 
in this paper Dining 1905 he had two sei/uies, in 1900 he had one attack, none 
m 1907, and one in 1908 Since this time a peiiod of thice years, he has been 
entiiely well lie has gone on with liis studies and out-of-door vvoik, and has 
steadily' developed physically and iiientnlly, a fairly robust youth of 17 years 
Cash 4 — M L G, female, aged 27, became epileptic at 8 yeais of age 
Attacks were giand mal in type and occuried cverv two or thiee montlis, all 
were nocturnal without am a A paternal uncle was alcoholic and an indefinite 
family history of “neurotic degenci ation” was given There was a definite his- 
tory of chronic indigestion and constipation and ii regularity of life 

The patient wms industrious, capable, and well disposed, and followed the 
hygienic rules closely after admission to the colony, Aug 1, 1899 No seizuies 
occuired aftei September, 1900 She has lemained well since, a peiiod of over 
ten y'cars She earns her own living, at home 

Case 5 — W , male, 29 years old, was admitted to Craig Colony' March 17, 

1897 His sister died from epilepsy Patient began his epileptic career at 11 
yeais of age with giand mal seizures w'lthout known cause On an av'eiage the 
attacks occurred w'eekly There vv'as an epigastiic aura, some perveisions of 
instincts and some criminal tendencies Physical condition was normal, aside 
from a corneal opacity of the right eye Patient was v'lcious and unmanageable 
after seizures, otheiwise he w'as contented and industrious 

He was placed on the hygienic standard of treatment and showed maiked 
physical and mental improvement at once No seizuies occuried after Jan 5, 

1898 Patient has been perfectly well since He is a clerk in a New Yoik City' 
store at piesent 

Case G — H H , male, 31 years old A brothei had “spasms ” His idiopathic 
grand mal attacks began when he was 18 years old 

At the time of admission to the colony, Peb 16, 1900, he had five or six grand 
mal attacks daily During the first six months at the colony, patient had over 
SIX hundred attacks, the greater part petit mal in character Patient was given 
the laige doses of biomid mentioned elsevvhere’^ He had no attacks after October, 
1900, and has had none since He has taken no sedatives since leaving the colonv, 
Dec 2, 1901, and is at present well 


1 Clark, L Pierce Curability of a Rare Form of Nocturnal Petit Mal by the 
Use of Laige Doses of Bromid, Case 2, Am Jour Med Sc, January, 1908 
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Case 7 — C M , male, 26 years old, y as epileptic since the age of 7 years 
Attacks of gland mal cliaiactei occuiiing weekly, auio of vertigo There was 
^ery slight mental impaiiment at the time of his admission to the colony, Jan 
25, 1899, se^en yeais aftei his epilepsy began Physical examination was negative 
aside from the fact that he had had iickets and some chest and spinal defoimity 
lesulting therefiom Patient was fiequently paiaphasic after seveie seizuies 
Patient was industrious, well disposed and leadily followed the colony life of 
hygienic tieatment Last seizure vas Xovembei, 1898, and he vas discharged as 
lecoveied July 17, 1902 He continued at the colony as assistant cook foi several 
yeais He lemains peifectly well at piesent, twelve yeais since last attack 

Case 8 — 'M E maiiied female, 32 veais old, had giand mal idiopathic 
epilepsy dating from the seventeenth year The attacks occuiied daily She had 
an auia of seeing some animal appioaching, mental state enfeebled, appaiently 
fiom hei epilepsy On admission, Aug 10, 1898, patient was pooily nouiished 
She had suffered fiom chronic constipation and indigestion foi yeais, 
also had a chronic cystitis Patient showed gieat impiovement in general and 
was alloived to go home, Aug 31, 1899 The same patient was leadmitted July 
16 1900 She was maiiied one ■week aftei leaving the colony the fiist time 
Theie was great deteiioiation physically and mentally duiing absence fiom the 
colony Patient had chronic indigestion and constipation of seveie giade, also 
well-niaiked tuberculosis of the lungs She had 412 grand mal attacks in 1901 
Seveial times, as a sequence to seiial epilepsy, pa'fcient had epileptic automatism 
and deliiium Following a strict regime of diet and enfoiced rest, patient 
impioved steadily physically and mentally Ho seizuies lepoited since Januaiy, 
1904, and has had no attacks since 

Case 9 — A M B, male, age 53 yeais, w’as admitted to the Craig Colony 
in his fortieth year He had been epileptic ten yeais at that time, the disease 
was idiopathic in origin There W'as but little mental impairment, the am a was 
Msual, balls of fire, etc Attacks -were ahvays grand mal and occuried semi- 
monthly, chiefiy by night Patient used tobacco and alcohol to excess since the 
age of 12, had syphilis at 18 He w'as a wndo’wer ■with one child 

Placed on the colony system of hygienic treatment, he improved lapidly 
Fiom Apiil, 1898, to Apiil, 1899, he had but four seizuies He w'as very indus- 
tiious and well disposed and ■worked constantly at the piinting trade Avhich he 
learned at the colony August, 1899, he had five seveie seizuies, aftei ■which 
distinct mental deteiioration seemed to develop He continued, how^evei, to work 
industi musty at his trade Having shown himself self-supporting on a long 
paiole from the colony and as he had no seizures for three years, he ■was dis- 
charged as cured, June 1, 1903 He has since died of an unknown disease — not 
that of epilepsy 

Case 10 — ^H W Y, male, aged 18, age at onset of epilepsy, 10 yeais, was 
admitted to the Craig Colony, Sept 14, 1904 Father living, aged 36 years, has 
had epilepsy foi two years One brothei younger than the patient is living and is 
well, patient’s mother died from tubeiculosis Paternal grandaunt of patient is 
an epileptic, another is insane All of giandpaients aie living and apparently 
healthy Fathei claims the patient was much disflguied after an instrumental 
delivery He says the boy is veiy untiuthful, causing considerable tiouble at 
times Patient is said to have had no convulsions during infancy and early 
childhood, although dentition is said to have been difficult, dentition was delayed, 
it began at 9 months At the end of four years he had frequent attacks of epis- 
taxis Measles at 9, scarlet fever at 10, at which age he had fiist seizure which 
tvas a seveie convulsion Second occurred two or three hours later During the 
past year, he has had a series of seizures every month or oftener, his seizures 
occur ling at the end of a series, being somewhat hysterical in type Aura patient 
savs that he has a sudden tense pain in the precoidial region, with vertigo, with 
a giadual diminution of all sounds and aphasia, severe headaches following 
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seizures Putient clmins seizures nre diurnn.] He sometimes bites liis nrms ufter 
scizuies 

Phj sical examination rc\ cals no marked abnormaht\ Sept 20, 1904, patient 
had a severe seinire which iias obseived bj Dr D L Ross Patient became 
quickly conscious after contractions ceased Following tins he had several similar 
attacks, some mildei in charactei 

Oct 1, lOOi, tuenty-one grand nial and eighteen petit mal seizures reported 
since his admission Dec 1, 1904, fiftv-one seizin es, grand mal predominating, 
reported during the past month June 1, 1905, attends sloyd school regularly, 
captain of the junior baseball team Good general health, ^\ell behaved Oct 5, 
1905 eleven sei/uies ha\e been reported dining the past six months, all of nhich 
were grand mal in type and followed penods in which the patient ate quantities 
of apples and candy On Feb 18, 1909, he was given permission to go home On 
March 31, 1909, he was discharged as recovered, having had no seizures since 
April, 1906 A letter from tins patient shows that he has been quite well since 
discharge, a period of recovery of five jears 

Case 11 — F W, male, age 14, was admitted to the Craig Colony, July 11. 
1907, discharged, July 0, 1910, as recoveied Tlie mother of this patient had 
fainting spells, but is said to liave had no convulsions She was excitable by 
nature, alcoholic and of immoral character, being divorced for adultery Father 
IS living at the age of 46 jears, and is said to be a man of good habits The 
patient claims that he had three sisters and one brother, all of whom died during 
early life, causes unknown At about the age of 8 j ears, the patient had his first 
convulsive seizure Automatism present, no am a Temporal headache for 
twenty four hours after seizuies, which were both nocturnal and diurnal— usually 
just after arising, average one a month Has never bitten tongue, urinated once 
during a seizure At some unknown age during early childhood patient is said 
to have fallen into a cellar, 5 feet deep, hurting the back of liis head, but was 
able to arise immediately and walk home 

At time of his admission to the colony, the patient was moderately pale, was 
fairly well nourished, and showed average intelligence for a boy of liis age and 
station in life When talking, patient showed a tendency to stutter While at 
the colony, patient assisted with the housew ork, and attended sloyd as well as day 
school During a peiiod of from July 1 to Dec 31, 1907, patient had six grand 
mal and four petit mal seizures, all diurnal During 1908, he had no seizures 
During 1909 an alleged grand mal seizure was said to have occurred in December 
No other seizures up to the time of his discharge from the colony, Julj 6, 1910 
He remains well at present 

Case 12 — ^W H, male, aged 13 years, w’as admitted Feb 28, 1907 Father 
died of “spinal meningitis” when 28 years of age Paternal grandmother died 
at the age of 58 years of some paialysis, same cause assigned for death of 
maternal grandfather at the age of 39 years Patient claims that his paternal 
grandmother had epilepsy for twelve years Patient was fed artificially during 
infancy, pavor nocturnus His first seizure is said to have occurred when he 
was 11 years old The boy seemed to have a fear of “being killed” He had 
these both day and night for a period of seven months They then ceased to 
recur in the day-time Seizures are more seveie now with a more marked con 
vulsion Supposed cause was a fall from a w'all at a distance of about ten feet 
The first seizure occurred on the following day, second seizure the day after the 
first No evidence of any paralysis obtained at time of his physical examination 
Fairly well nourished, mental condition noted as fan 

While at the colony, patient had, during the first year, 180 seizures which 
were nocturnal and grand mal in type, and 685 petit mal seizures, mostly noc 
turnal From Jan 1, 1908, he had ninety seven gland mal and 202 petit mal 
reported In August, 1908, he had one grand mal seizure and from the latter 
date up to the time of his discharge, April 21, 1910, he had no seizures x. During 
the last two years of his residence at the colony, he appeared brighter and 
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•worked in tke kitchen at the infirmaiy and in the doctor’s office Discharged as 
recovered 

Case 13 — B , male, aged 21 years, 'vs'as admitted to the Ciaig Colony Feb 
28, 1898 Patient’s father is said to have had epilepsy for thiee yeais from the 
ages 17 to 20, when attacks disappeared and did not lecui Ihe patient’s 
maternal giandfathei committed suicide at the age of 78, maternal uncle died 
of rheumatism and ceiehial apoplexy Patient’s mother was insane and died at 
the age of 58 Patient is the third child in a family of four The first was 
still-born, second died in convulsions during cholera infantum and the fourth 
and last child died in convulsions, apparently in status epilepticus At 6 months 
of age, the patient had several convulsions which weie supposed to have been 
caused by dentition He had scarlet fever and measles at the age of 12, during 
these illnesses he had no attacks He was troubled by disordeied sleep in infancy 
and had frequent attacks of croup 

Attacks occur monthly, of a grand mal type, preceded by an auditory auia 
and a feeling of dizziness At the time of patient’s admission to the colony, his 
mental state was noted as being faiily good 

April 1, 1899 Patient has had no attacks since September 14, 1898, the date 
of the last grand mal seizure, is in good physical and mental health 
October 1, 1899 Three attacks during past six months 

October 1, 1901 Patient has been absent fiom the colony for the past six 

months and on request of his paients is dischaiged fiom the colony to-day, as 
improved 

Readmitted July 26, 1902 His application paper, filed at the time of his read- 
mission, states that he has had seven severe attacks since Jan 1, 1902, two of 

which occurred on July 18, 1902 While away from the colony he i\as working 

on a farm for thirteen or fourteen hours each day He has been careless in his 
diet He feels as if severely bruised when he has a seizure Same aura of vertigo 
continues 

June 1, 1902 No seizures reported since his readmission 
April 1, 1904 Two severe seizures recorded during the past two months 
Intoxicated once since last note Is a faithful garden worker and in good 
general health 

July 1, 1904 Foui seizures during the past three months 
Oct 1, 1904 Three grand mal seizures during the past three months 
Jan 1, 1905 Patient has had no seizures during the past three months 
Feb 28, 1905 This patient, having continued in excellent geneial health and 
having had no seizures during the past five months, is to-day discharged as 
improved and given a position at the colony as a farm worker 

March 6, 1911 Still employed at colony and is perfectly well, a period of 
recovery of seven years 

Case 14 — D , female, age 24 Mother died of meningitis The epileptic 
attacks began at 2 years of age, the seizures were always petit mal and occurred 
in series of several attacks every two or three months without aura Memory 
rather poor and mind is rather enfeebled In August, 1901, patient had one 
grand mal attack Her excitability and irritability noted on admission to the 
colony May 14, 1901, steadily improved under the disciplinary training and 
hygienic life at the institution She continued to develop, physically and men- 
tally, during her stay at the colony Menstruation began at 16 years of age No 
attacks are recorded since August, 1901 The patient has remained well since, 
a period of ten years 

Case 15 — C A W , male, aged 21 Parents were first cousins and fathei was 
epileptic Patient’s birth was instrumental, had his first attack at 11 years of age 
He had several attacks daily on admission to the colony April 11, 1902, when 12 
years of age There was an aura of vertigo, he suffered greatly from chronic 
indigestion and constipation It was reported that the patient fell from a table 
at 2% years of age, striking on his head, was unconscious for several days and 
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liucl coiHulsions fit Intel \nls He hnd n. \eij seAcie .ittiick of fecnrlct fe\er <it ege 
of G and ]iad scveial coiuulsions at tins tune Patient nas alnajs considered 
“nenous,” and had chorea at 4 jeais but icco\orcd jnomptlv undei treatment 
-At one tune he had nineteen sei/mes in tiio hours (seiial epilepsi ) 

Patient Mas nnnih and difllicult of control foi fust two jears of treatment at 
the colonj Aftei this he hecaine tiaetahle, well disposed and indiistiious He 
had no attacks aftei Mai 10, 1902, and was dischaiged as cuicd Sept 23, 190G 
lie has had no lecuirencc of his eplleps^ since, a pciiod of nine yeais of freedom 
fiom attacks 

Casl 10 — IT H, male 23 ■seats of age Patient had conMilsions during den- 
tition Ihe epllops^ hcgaii it 121 /. jeais, attacks wcokh of grand mal and petit 
nial tjpe occuiiing alwa^s dining the da^tlme Patient had fne grand mal 
sei/uics within fust eighteen hours after admission to the Ciaig Colony June 19, 

1902 He stated lie had been ficc from seiniies for two 3 ears up to April, 1902 
He was quite well hehaicd and industrious Ho Imd twcnt 3 ^-si\ seiere seizures 
from admission to Xo^ 1 1902, always occurring in senes He had but one 
gland mal attack during last six months of 1903 and two during the ne\t six 
montlis Fiom that tune on he made steady plnsical and mental impio\ement 
and was dischaiged as cured, Nov 9, 1900 No attack <511106 Januan, 1904 No 
attacks of epilepsy since, a period of < 5 o\en ^oalS 

Case 17 — C S P male, age 37 3 eais I^Tother alcoholic and insane, 
maternal uncle and one biothci alcoholic Patient’s attacks began at 26 3 'enrs 
of age The 3 ’ weie grand mal and occurred c\er 3 ’ two or three months He had 
used alcohol to eveess fiom 21 to age of 26, the onset of first attack Was irri- 
table at time of scizuics Aura of tinnitus aurium After epileps}' began con 
tinned to use alcohol in moderation until the date of admission to Craig Colony, 
Feb 21, 1903 

On da}' of admission ho had thiee seizures lie was veiv nenous but w'ell 
behaved and industrious and readily followed the hygienic and dietetic regulations 
of colon}' life He had two severe seizures in April and two in May, 1903 He 
continued to have monthly attacks until Aug 12, 1903 Patient has had no 
attacks since He is a college graduate and a teachei in the New York City public 
schools He has lemained quite well since leaving the colon}', a period of ieco\- 
eiy of ovei se\on yeais 

Case 18 — B N male, age 50 yeais His epilepsy began wuth daily attacks 
of giand mal at 14 years At time of his admission to Ciaig Colony, April 16, 

1903 the attacks occurred only every four or six weeks Occasionally he had an 
auia of tinnitus, theie w'as no mental impairment Patient w'as the twelfth child 
in a family of thiiten children 

He had one mild seizure during May, 1903 He ivas amiable, industrious and 
well behaved and took to the colony loutine and discipline w'ell He had four 
seizures fiom July 1 to Oct 1, 1903 No further attacks occuired until the fol 
lowing Maich, when he had three seizures (1904) He had one severe attack in 
Februaij, 1905, and none after that date He remains well physically and men- 
tally and has had no attack foi a peiiod of six years 

Case 19 — A S, male aged 27 Father and uncle had “spasms,” an aunt 
and bi other had clioiea Birth of patient was instrumental Patient’s attacks 
w'ere grand mal in type, beginning at 11 years of age They occuired in series 
of two 01 three at intervals of a month He had a visual aura of seeing ‘Tiails 
of fire ” Seizures were followed by anorexia and vomiting 

Notwithstanding the fact that patient followed carefully all the hygienic and 
dietetic regulations, he continued to have seizures more 01 less regularly until 
April, 1904, one year after admission to the Craig colony Patient has since 
been admitted to the bar and practices law' in one of the large cities of the West 
He IS peifectly well to day 

Case 20 — T S , female, aged 19 years Her father was an alcoholic who m 
an attack of depression committed suicide A sister w'as epileptic until age of 
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14, a lialf-biotliei was epileptic Patient’s attacks of grand mal came on with- 
out appaieiit cause at 5 yeais of age Duiing the six months piioi to admission 
to Ciaig Colony, Jan 20, 1904, patient had six giand mal attacks with an aura 
of veitigo Patient had suffeied gieatly fiom chionic indigestion and severe con- 
stipation Hei biith vas pieniatuie (seven months) 

Patient did well with the colony treatment at the start She had two gland 
mal attacks in the second month after admission No seizures occuiied aftei 
March 1905 and patient was discharged as cured Jan 23, 1908 She has 
remained perfectly well since a recovery of six years 

Case 21 — C E, female, age 44, became epileptic at 21, grand mal type 
Attacks occuiied every two oi three A\eeks, all nocturnal Patient was very iiii- 
table before aura but had no true aura, she had slight impairment of memory 
after epilepsy began The attacks were psychic, very slightly convulsive, at first, 
but rapidly inci eased in seventy and frequency until they were classic grand 
mal at 23 Patient had a senes of thirteen grand mal and eight petit mal 
sei/uies in Maich, 1901 

She had but tv eiity-thi ee seizures in all while at the colony No seizures 
since March 1901 she has remained perfectly well since Treatment was only 
that of the general hygienic type 

Case 22 — R R, female, aged 22 years, domestic Admitted to the Craig 
Colony July 15, 1898 Seizures diurnal, grand mal Mental status fan, no aura 
Fust seizure occurred in September, 1897 Paternal gi.andmothei paralyzed and 
insane a few years before her death, paternal grandfather intemperate Mother 
of lush descent father an Italian of the lowest mental order Twin sisters, now 
dead, had «pinal cuivatiiies The eldest son in the family slightly unbalanced 
mentall"^ according to paternal aunt A boy next younger than R R is an insane 
criminal The next, se^en years younger than this patient, is epileptic and a 
patient at the colonv The next child a boy, had rickets during infancy but 
now seems normal The last child, a girl, seems to be normal 

This patient, the second child, was peculiar during childhood Did not men- 
struate until 18 years of age Tvo or three years previous to this, apparently 
petit mal seizures Ordinarily she had a good appetite and wanted large quan- 
tities of meat 

After this patient’s admission to the colony, she had no seizures until early 
in 1899, she had one, which was grand mal in type On April 5, 1899, anothei 
attack vas reported as grand mal, an attack occurred later in the same year, 
probably petit mal in character No attacks reported during 1903 and none have 
been reported up to date Tins patient is not receiving sedatives, but occasion- 
ally, at intervals of months, she complains of severe headache with some dizziness 
and nausea but no apparent loss of consciousness There is a question as to 
whether these migrainous attacks have replaced the grand mal attacks formerly 
observed She is rather irritable and does not get on well with the other 
patients, with whom she comes in contact 

Case 23 — C C , male, aged 18 yeai s , age at onset of epilepsy, 2 years 
Admitted to the Ciaig Colony Jan 22, 1901 Mothei epileptic, father insane, 
two aunts tuberculous Patient, the only child, was a puny baby, fed artificially 
He had, previous to admission, three or foui attacks in a month, both petit and 
grand mal 

At the time of Ins admission to the colony, his mental state was noted as 
good During the first year at the colony, he had a gland mal seizure about once 
a month His last seizure occurred in 1901, no seizure having been leported since 
that date He has developed mentally and physically in a normal manner He 
has had no sedative treatment during the past eight years, his epilepsy being 
apparently completelv arrested 

Case 24 — J W A , aged 43 yeais, onset of epilepsy during infancy Admitted 
to the Ciaig Colony Jan 21, 1901 At the time of his admission, it was noted 
that there ivas some dementia present, the patient being lather eccentric in his 
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manner Mother nervous, maternal cousin is said to have had epilepsy Patient 
IS fourth in a family of siv children Most of these children had spasms during 
infancy but they never continued in later life, except in the patient’s case Dur*^ 
ing his early years, seizures occurred daily 

At the tune of his admission to the colon} he averaged one or two a week, 
grand mal and petit mal, with epigastric aura It was noted that he was fre- 
quently irascible and in consequence had some aifficultics with other patients 
During the first three months of 1903, ltd had twenty tluee seizures, two of 
which were severe During the next two months, he had twenty-two seizures 
From July 1, 1903, to Jan 1, 1904, ho had twenty -two seizures The last seizure 
reported for this patient was Sept 13, 1908, since which time he has, so far as 
can be ascertained, liad no symptoms, although it is possible that a mild seizure 
has occurred and not been reportetl 

Case 25 — S, male, 21 years of age, was admitted to the colony April 11, 
1902 Mother had fainting spells between the ages of 30 and 35, father was 
intemperate First attack occurred at 9 yeais, after an indigestible meal, and 
was accompanied by vomiting Right side is first and most frequently imolved 
His seizures recurred at first a week or two apart and then every second day, both 
nocturnal and diurnal, epigastric auia After Ins admission to the colony he 
had as many' as nine seizures during one month, some mild and others severe 
July 1, 1903, it was noted that he had forty -four seizures during the preceding 
three months Jan 1, 1904, forty'-two seizures during preceding three months 
He has had no seizures since late in 1905 Has not been under sedative treat- 
ment during the past six years, mental and physical condition have both 
improved so that, except for some moderate mental impairment, he would com- 
pare very favorably with the average epileptic 

Case 2G — E H A, male, aged 32 His father was alcoholic and epileptic, 
and two brothers died in convulsions, mother and sister died of tuberculosis 
Patient admitted masturbation and sexual excesses His epilepsy of grand mal 
and petit mal began at 8 years of age, some mental enfeeblement independent of 
the onset of his epilepsy His attacks occurred, without warning, every night 
The description of patient’s attacks is given in full in another article* Patient 
was admitted to Craig Colony Jan 26, 1899 Patient was free from epilepsy until 
20 years of age, when overwork and irregularity' of living brought on two or 
three grand mal attacks nightly for several months Then there was freedom 
from attacks for nearly a yeai, until January, 1899, when he again had many 
seizures at night from overwork and unhygienic living 

The attacks became less frequent as the work lightened, after admission 
patient kept closely to the dietetic and hygienic life at the colony and improved 
rapidly In October, 1900, as patient had had a recurrence of rapidly lecurnng 
petit mal at mght he was placed under large doses of sedatives (200 gr ) daily, 
he had no more attacks and was discharged Jan 1, 1902, as recovered He was 
readmitted April 30, 1902, as his seizures recurred again in series of one each 
mght for possibly four or five nights, he then skips a week or ten days without 
any Under Colony supervision, caie and treatment, attacks aie diminishing 
again High dosages of sedatives have not been attended w'lth the first success 
Case 27 — M C , female, 32 years of age Her epilepsy began at 15 with- 
out known cause, attacks of grand mal occuried about once in eight weeks 
Patient was feeble-minded She was stout and of dwarf stature, had a convulsive 
tic of the right eye Speech was infantile 

She was quite unmanageable and mischievous on admission to the colony 
Several grand mal attacks soon after admission to the institution, one other 
attack while at the colony after an interval of two years After this interval, 
she again had three petit mal and one grand mal attacks in 1910 She is still 
retained at the colony as an occasional epileptic and probably incurable Atten- 
tion to hygienic and dietetic rules is compulsory, on account of the enfeebled men- 
tal state, otherwise a better prognosis might be entertained 
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Case 28 — A F M , female, aged 30 Mother neurotic (?) A maternal 
aunt paralyzed and feeble-minded, one brother intelligent but subject to recur- 
rent melancholia, another brother was rachitic Patient had always suffered 
from indigestion and constipation, has had goiter since age of 3 Menstruated 
from age of 12, has always had dysmenorrhea and menorrhagia Patient’s 
seizures began at age of 19 and were grand mal, occurring at almost every men- 
strual period She was irritable and depressed 

Patient had one severe grand mal attack immediately on admission, Feb 25, 
1904, after which she improved rapidly physically and mentally and had no more 
attacks Was discharged as cured 1905, a freedom from attacks foi a period of 
not quite two years Physical condition analogous to that from which she suf- 
fered at time of admission having recurred, the epilepsy recuiied and patient 
sought readmission 

Case 29 — H W 0 , male, aged 22 His epilepsy began vuth several seizures 
weekly at 11 years of age At time of admission to Craig Colony, Aug 17, 1903, 
patient had several seizures once a week and several mild attacks daily He 
was irritable and quarrelsome and frequentlj’’ automatic, following attacks 

He took on the colony treatment "v ery well and improved rapidly The seizures 
ceased entirely August, 1905, and he was discharged as recovered, Jan 11, 1907 
Two years later, after a freedom from attacks for four years, he appeared for 
readmission, as attacks had returned Unhygienic and irregular living was in 
evidence in seeking cause for relapse 

Case 30 — ^T B , male, aged 30, was admitted to Craig colony Sept 27, 1904 
Age at onset of epilepsy, 16 years Mother had what were termed “nervous con- 
vulsions” in 1882 Father and mother living Patient has three brothers and 
five sisters living, one brother and one sister dead None of the brothers or sis- 
ters have convulsions No history of convulsions in other relatives A paternal 
aunt 16 insane, one sister at the age of about 19 had chorea for about two years, 
one brother is an alcoholic Patient as a child was puny, had no convulsions 
during childhood so far as can be ascertained 

His first seizure came on at the age of 16 years, while he was sitting in a chair 
in a neighbor’s house Assigned cause his irregulai sexual practices Second 
seizure followed in about three weeks and for some time after this he had a 
seizure about every three veeks Seizures have beeome less frequent and occur 
now about three or four times a year Last seizure said to have occurred about 
May 1, 1904 Claims he has never had more than one seizure in the same day 
Physical examination shows a marked accentuation of the second aortic sound, 
myopia and hernias Patient was allowed to go home on July 24, 1905, for a 
visit Having failed to return, he was discharged as recovered He had one 
seizure in October, 1904 Seizures recurred and he has recently applied for 
readmission to the colony An irregular and unhygienic life preceded the recur- 
rence of the epilepsy (after an absence of attacks for four years) 

Case 31 — L E , female, aged 30 Patient’s uncle and cousin epileptic 
Patient had her first grand mal attack at 15 years of age, attacks occurred 
weekly without warning She had always suffered from severe constipation and 
chronic indigestion 

She had been four years epileptic and had had 37 grand mal attacks when 
placed on the disciplinary treatment and hygienic regulations noted in the 
foregoing She had but five attacks afterward, each preceded by a breaking 
down of the routine, the last occurred four years ago The patient has not been 
under treatment for three years, remains well and is at present in a western 
college 

Case 32 — ^A B F , female, aged 19 Patient’s relatives present a long line 
of epilepsy and insanity and she is the last member of “two dying families ” The 
epilepsy began when she was 15 years of age, in a series of grand mal attacks 
without warnings Patient has always suffered from chronic indigestion and con- 
stipation The attacks petit mal and grand mal occurred monthly for two years 
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befoie being bi ought under the stnclest application of the discipliiiarj dietetic 
and hygienic legulations of this papei She lias had no attacks in thiee jears 
and no sedatiAOS in four ycais She is piepaiing foi college under pri%ate tutor- 
ing and IS a handsome, blight and attractive girl of lobust health at picsent 

Case 33 — A M , male, aged 28 Idiopathic epilepsy began at 12 jears of age, 
the attacks giadually inci eased in sc\eiity and fiequcncs until IG jears of age, 
when gland mal seizures occuired every two months, petit nial attacks occuried 
everj' tvo or thiee weeks Iheie had alwajs e\isted se\cie chronic indigestion 
and constipation 

Patient came undei mj' treatment eight aeais ago Ue vas gnen small doses 
of bromids in combination v itli ai seme ( Bi 15 gr t i d ) foi the first j'ear 
Stress vas laid howesei, on thorough dietetic and hjgicnic icgulations vliich 
■\\ere, and aie still maintained Patient has become eiitirclj veil fiom attacks 
foi over fi^e yeais He is an e\poit in hjdraulic engineering and piactices his 
piofession in the noithvcst 

Case 34 — E A L, male 21 ^cals old lie hid thiee or four grand mal 
attacks at 11 'Noais of age The aura yas a dizziness and epigastiic sensation 
Fathei vas alcoholic Iheie veic “teething comulsions” at taio aeais of age 

Patient vas at once placed on a stiict dietetic and Ingienic plan of treat- 
ment At first (si\ months) patient vas placed on small doses of bioimd (20 
gr daily) Eeliance foi the most pait was placed on the gcneial plan outlined 
in this papei Patient has now been well for thiitecn jeais He is engaged in 
stock-raising and fiuit cultuie, and has an evtensne plant of his own 

CASES FROJI THE LITERATURE 

rrooD’s CASi s 

1 Young man, a positive epileptic for many yeais lie was in such condition 
that he had to give up his teaching profession and practically c^erytlung else 
His wufe took gieat caie of him and after Ins condition seemed incuiable they 
began rectal injections, \ery high up, e\erj' night, cleaning the bowels thoroughly 
He also legulated his diet accoiding to hei ludgment and made it a point to e\er 
cise mildly an lioiii after supper, taking a bath and going to bed veij’^ eaily He 
spent ten houis in bed Tins icgime he earned out faithfully foi about thiee 
j'eais watliout medicine The attacks diminished and finally ceased He has 
been wuthout any attacks for twentj’- j'eais and has been capable of doing Ins 
teaching woik 

2 A second case is that of a man who is a vetcnnaij' The attacks came on 
at the age of 23 although it is a question wdiether he had not had a few’^ seizuies 
since eaily childhood He had giand mal attacks of the woist tj'pe for ten years 
e'very other day He often fell out of his carnage and was almost incapacitated 
At the age of 33 he began to take belladonna, G diops in the morning before 
breakfast, nuv vomica G diops befoie going to bed In a week’s time he had 
ceased to have attacks He wmnt neailj eighteen years without any When I 
talked wuth him, he seemed to be perfectly iioimal, was attending to his duties 
as a veterinary eveiy day and had a good appreciation of conditions Tw'o years 
after he told me of tins, I met him and found that his wife had died, he had 
failed to regulate his diet and had had several more attacks I have not heard 
from him since this 

3 A thud case is that of a girl of 5 years who had epileptic seizures from 
childliood She was a patient at Baldwnnville By taking great caie with her 
diet she kept free from attacks for a month or twm at a time After she ate 
sugar 01 candy, she was sure to have a seizure She was protected as well as 
possible for three or four years and during that time she had periods of free 
dom lasting as long as six months Her family then took her home She ceased 
to have the attacks and in a few months began attending school, took up music 
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lessons and lemained fiee fiom the seizmes foi a good many yeais The last I 
knew of her, she appealed to be well 

4 Seiere case, no fits foi sixteen yeais 

5 Seveie case, no fits foi twenty yeais 

turner’s cases 

1 Man Tiist fit at 18, tieated with bioniids fom yeais No letuiii when 
seen seventeen years latei (age 35), but suffeied then vitli neiii asthenia 

2 Woman, single, epileptic foi foui yeais between 28 and 32 Tieated with 
biomids for one yeai When 54 yeais old had been free fiom epilepsj but was 
sufteiing from headache and neivousness 


hughes’ cases 

Cases lemaimng fiee fiom epilepsy aftei tventy yeais fiom date of last tieat- 
ment 

1MB, treated in eaily childhood, now niaiiied and mother of childien She 
and children all free fiom epilepsy 

2 M M treated in early childhood Died lecently of pulmonaiy tubei- 
culosis 

3 H M, treated in eaily childhood, now a matuie, well woman Unman led 

4 J H, came under tieatment at age of 16, now well and in business 

5 R E, came undei treatment at age of 17, appealed well foi fifteen yeais, 
died from railway accident 

6 J H 0, came under tieatment at age of 30, fiee and in business twenty 
years later 

7 Capt McK Mere statement of twenty-year cure 

8 W G B , stationer Cui ed after tiventy years Matui e when attacked 

9 Male, was treated in 1859 and attacks never returned aftei waul Became 
a letter carrier Age at beginning ot attacks not stated 

84 East Fifty-Sixth Street 



A CRITICISM OP THE HSKOPP SPHYGMOTOHO GRAPH •« 

JOSEPH ERL \KGER, :M D 

ST LOblS 

The phjsiolog^’ and patholog} of blood-pic'isure m man ha've excited 
the interest of a large number of uorkcis for a great many •^ears and 
without any appaient abatement The contnbutions to the subiect have 
been mani , new forms of instiuments aie constantl}' being devised, new 
criteria for the deteimination of the piessuies have developed, and 
extended obseivations on the prcssuies in physiological and pathological 
conditions have been published In many places blood-pressure observa- 
tions aie now made as a mattei of loutine In consequence of this 
activit}, many peisons who aie not in a position to question the value of 
instruments, or to anal 3 'ze critically the data they aie said to afford, are 
called on to use instruments and to interpret results obtained therewith 
It IS, therefore, essential, in order to spare the time of tlie routine investi- 
gator and to pi event the appearance in the literature of numeious articles 
based on false piemises, to direct attention as soon as possible to descrip- 
tions of faulty instruments and to unjustifiable generalizations which 
from time to time must necessarily find their way into the literature 

The primaiy object of this communication is to call attention to a 
physical defect m the Uskoff sphygmotonogiaph This instrument was 
first described in detail in 1908 ^ I did not, however, have an opportunitj^ 
to work with an exemplar of it, nor did I have have access to the journal 
in which it was described, until 1910 And it was only during the past 
year that I have had the opportunity of making the experiments herein 
recorded Indeed, it was hoped, but in vain, that this criticism might 
come from another pen 

It IS not necessary to describe the sphygmotonograph in detail , for this 
the reader is referred to the original description Essentially, it is a sphyg- 
moseope, air being the medium of transmission Bj’’ means of the usual 
sphygmomanometer cuff the pulsations of the brachial arteiy are trans- 
mitted under controllable pressures to a rubber bulb This rubber bulb 
IS enclosed in an all but air-tight space (Eig 1) Consequently any 
changes in the volume of thd formei, due to pulsatile and other changes 
of pressure within it (m the so-called pressure-space), alter the pressure 
in the latter, the tambour, space These pressure changes may then be 

*Froin the Physiological Laboratory of Washington University 

1 Uskoff Ztschr f klin Med, 1908, Kvi, 89, also Russk Vrach, 1905, 
No 37 
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recorded on a moving smoked paper by means of a tambour In order 
to obviate tlie effect on the tambour of the slorv, but large, alterations of 
pressure that are produced by the manipulation of the pressure "within 
the pressure space, and still leave practically unimpaired the effects due 
to the more rapid pulsatile variations it is desired to record, a permanent 
but very small communication is made between the tambour space and 
the exterior 

It will be seen that in these respects the Uskoff instrument is the 
counterpart of the Erlanger sphygmomanometer, which was described in 
1902," of the existence of which TJskoff does not seem to have been aware 
There is, -however, one very essential difference between the TJskoff and 
the Erlanger instruments m the part of the mechanism that has been 
described above the rubber bulb in the Uskoff instrument is protected 
from expansion due to internal pressure by a surrounding silk meshwork, 
whereas in the Erlanger instrument the rubber bulb is free 

With the first oppoitumty I had to use the Uskoff instrument, I 
became suspicious of the effect the meshwork might have on the per- 
formance of the mstrument It is here necessary to remind the reader 
that in making a blood-pressuie estimation, the pulsations are recorded 
while the pressure m the instrument is falling Uow, it could be seen 
that, with such pressures as are necessary to start all estimations, 
the rubber bulb completely fills the surrounding meshwork and bulges 
into its spaces At these pressures, therefore, the rubber bulb is 
supported by the mesh When the pressure is permitted to fall, as in 
making estimations of the blood-pressure, it could be seen that at a pres- 
sure in the bulb of about 100 mm Hg the wall of the rubber bulb begins 
to recede from the meshwork, while it was only at a considerably lower 
pressure — one which was difficult to determine by mere inspection — 
that the rubber bulb begins to swing entirely free of its support It was 
obvious that at least two, possibly three, moduli of elasticity come into 
play, namely (1) that of the rubber supported by a rigidly stretched 
silk meshwork, (2) that of the rubber supported by a silk mesh not quite 
rigidly stretched (relatively unimportant), and (3) that of the rubber 
entirely unsupported 

In order to learn whether these inferences from inspection were 
correct, as well as to ascertain their significance, it became necessary to 
determine by methods entirely free of the uncontrollable factors that 
always obtain under the conditions of blood-pressure observations 
whether, and by how much, this instrument deviated from the simple law 
of extensibility This was accomplished, among other ways, by measur- 
ing the relative volume changes of the Uskoff bulb when subjected to 
equal decrements of internal pressure 

2 Erlanger Proc Am Physiol Soc , Am Jour Physiol , 1901-1902, vi, p yyii 
Also Johns Hopkins Hosp Pep , 1904, xii, 53 
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Tlie appaiatup llini ■was devised foi tins pm pose is ^hown '^eliemat- 
ically m Figuie 1 Tlic iiilibei Inilb, A, wiili i(s me«hwoik (one of the 
two openings in the Inilb was peiniancnil^ elo=ed) !<= ‘juspended fieel^ 
in a tigbtl'^' sloppcied bottle, B '^Phe inteiioi of ilie bulb in communi- 
cation with a ]ncicni-\ inaiiomelei , C, with a pump, D and witli tlie 
e\teiioi tbiongli the ‘^top-cock E B\ fencing an. b} mean'? of the pump 
into tlie bnib s-^steni the pic^'suie witbin it could be iai'?ed to am dosned 
point and could bo held tbeie l)^ closing the stop-cocks, E and F This 
pressiiie was indicated bi the nianonietei 'The picssme could bo loweied 
by peiinitting an to escape tbiougb E All of tbi« =i«teni with the 
exception of the bulb was as inextcnsiblc as it was po^'^iblo to make it 
The bottle, B, was in coinnuinication with the lioii/ontal "lass tube, G, 
in winch was placed a bead of wntci, IT, and with the exteiioi thiough 
the stop-cock, I With I closed am change in the \ohnne of the bulb A, 
caused the water head TI to ti.nei'^e a coiiosponding ^olulne in the 


D 

tt» p**»*'p 



Fig 1 — Diagiain of the appaiatiis emplojed foi the pin pose of measiuing the 
extensibility of the rubhei bulbs Foi desciiption see text 


tube, G In this way, had the tube, G, been calibrated, it might have 
been possible to measure absolute volume changes As, foi the puiposes 
of this im estigation, a knowledge of the relative volume changes w'as 
all that was neeessaij'’, the measurements iveie made as follow's A scale 
was laid under the tube, G, and by means of the communication, I, the 
watei bead was brought to zeio before each decrement of piessuie The 
length of the tube traversed by the bead during each deciement w'as, 
therefoie, a relative measure of the volume change of the bulb 

The experiment was performed by raising the pressure in the bulb 
to the desired starting point, 150 mm Hg m most of the trials, then 
bringing the bead, H, to zero, and, ivitli I closed, permitting enough an 
to escape through E to lower the pressure 10 mm Hg The positron of 
the bead, H, was then lead, when H was again brought back to zero and 
the pressure permitted to fall thiough another 10 mm Hg, and so on 
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Attention slionld be called lieie to two difficulties in the way ol obtain- 
ing exactly concoidant leadings with this appaiatus 

1 The actual change in the level of the meniscus of the meicury 
manometer being only 5 mm , theie was alwa-^ s a possible eiror of 
0 5 mm in the leading, of at least 10 per cent 

2 The size of the bead, as a lule, deci eased as it tiaversed the tube 
from zeio This, it will be seen, only tended to minimize the eiror of 
the Uskoff bulb It is haidly necessaiy to add that oidinaiy precautions 
weie taken to keep the temperatnie of the an in the bottle, B, constant, 
and, in any event, the time consumed in making a single reading was so 
short that such slight tempeiatuie vaiiations as might have occuired weie 
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Figs 2 and 3 — Showing the lelative volume-changes of the Uskoff bulb with 
successive pressuie decrements of 10 mm Hg The length of the hoiizontal 
lines indicates the volume-changes associated with the deciements of piessuie 
to the values ovei which the lines are elected 

certainly negligible Furthermore, the readings in successive observations 
have been so concordant that theie could be no question as to any serious 
error due to temper atuie variations The IJskofE bulb, on which these 
observations were made, was obtained through the dealeis in this country 
The results of the tests are shown graphically in Figures 2 and 3 
The length of tube traversed by the bead, i e , the relative change in 
volume of the bulb with successive decrements of pressure amounting to 
10 mm Hg, IS indicated by the length of the corresponding lines It 
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will be seen tliat cleciemenls of 10 mm Ilg between 150 and 130 ram Eg 
cause a change in the volume of the bulb of the magnitude of 7 or 8 
The changes of ^olume then incieasc, slovly at fiist and then, at about 
90 mm Eg. with exlieme rapidit), until the piessure has fallen to about 
40 or 30 mm Hg, after vhich the volume changes dimmish 

ObviousI}' the EskolT bulb does not obey the simple law of extensi- 
bility, its extensibilit}% as was apparent from the outset, is undoubtedly 
modified by the factors above icfcned to (see test of fiee bulb) 

Eow, hov would a bulb with these ph 3 Sical chaiacteiistics affect the 
readmgs of the insliiiment as a whole ^ The ansner is obvious The 
pressure-changes in the tambour system aie propoitional to the volume 
changes of the rubbei bulb in it, and. loughl}, the excursions of the 
tambour head aie propoitional to the pressui e-changes in the ^ame si stem 
Illustrating this proposition by means of two extieme figures if a pulse- 
pi essure that effects within the pressui e space a pressure change of 
10 mm Hg between 140 and 130, produces an excursion of the tambour 
head amounting to 1 mm , then a pulse-pi essure effecting the same cliange, 
but between 50 and 40, would move the tambour head through 

1 y S7 

1_ =12 4 mm 

7 

That IS to sa}’’, the instrument at the latter range would be about 
twelve times as sensitive as at the former It is hardly necessaiy to add 
that this is only a very rough approximation There are so many factors 
that may affect the ajnplitude of swing of the lecording lever, such as 
varying tension within the tamboui with varying pulse amplitude, vary- 
ing fimg of the lever with variations in the amplitude and form of the 
oscillation, etc, that it is quite impossible to arrive at an 3 dhing more 
than a rough approximation Such details are, however, unimportant 
The essential point is that an instrument, the reading of which depends 
on changes of amplitude of a recording lever effected by the operation 
on it of forces from without, should transcribe these forces in their true 
relative amplitudes The Hskoff instrument evidently does not do this 
The next question to be answered is Does the large inherent defect 
in the TJskoff instrument render it altogether unfit for blood-pressure 
estimations There can be no doubt but that it does The readmgs of 
the blood-pressures, both systolic and diastolic, with this instrument, 
depend on changes in amplitude of recorded pulsations The instrument, 
if acted on by a pulsatile force that did not vary duiing the whole range 
of fall of pressure, would of itself yield a record whose outlines would be 
those of Figures % and 3 This form of record is such as might be 
obtained from a human subject with an instrument equally sensitive at 
all pressures, it is a record that would be given by a subject havmg sys- 
tolic and diastolic pressures in the vicinity of 130 and 30 mm Eg, 
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respectively Furthermore, each instrument will have its own curve of 
inherent sensitiveness, since the latter is dependent on factors that are 
largely beyond the control of the manufactuier, namel}’’, the extensibility 
of the lubber bulb, the relative diameters of the encasing meshwork and 
lubber bulb, the rigidity of the meshwork, and the size of its meshes 
Every instrument, then, has its personal question which must add itself 
algebraically to the effect produced from without It is obvious that 
even if the personal equation could be determined for each instrument, 
it would be far too large, and the calculation far too diflQcult to warrant 
the making of the proper correction of each estimation 

What do actual tests of the instrument in blood-pressure estimations 
show^^ Such tests may be of two kinds (1) a comparison, in an animal, 
of the readmgs made with the IJskoff instrument and direct readings of 
the blood-pressure in an artery, and (2) a compaiison of readings made 
simultaneously on the same human sub 3 ect with the sphygmotonograph 
of Uskoff and some other blood-pressuie instrument of tested accuracy 
The first method has been employed by IJskoff himself He found 
the diastolic pressure, as determined with his instmment, to be from 
0 to 20 mm Hg higher than the actual diastolic pressure Although this 
error is greater than it should be, it is not in itself prohibitive, since in 
animals it is diflScult to get accurate indirect values through the cuffs 
that must be employed for the transmission of the pressure to the leg 
Of greater significance is the fact that the aveiage error, as determined 
by IJskoff, IS greater with relatively low than with relatively high diastolic 
pressures Thus, we have averaged, on the one hand, the errors of all 
his estimations m which the diastolic pressures were 100 mm Hg or over 
(see his table,^ p 102) and, on the other, all of the errors in which the 
diastolic pressures were under 100 mm Hg, and obtain for the ’former, 
7, and for the latter, 12 In view of the fact that the lowest diastolic 
pressure in Hskoff’s table is 92 mm Hg, a pressure at which, with 
falling piessures, the fault in the instrument is just beginning Lo manifest 
itself (Eigs 2 and 3), it seems justifiable to state that the difference 
■would have been even greater had IJskoff encountered lower pressures 
in the course of his research It should be added at this point that the 
error due to the resistance offered by the tissues increases with the pres- 
sures they are called on to transmit to the artery With a perfect instru- 
ment, therefore, the error would have been larger at high than at low 
pressures, just the reverse of the results obtained by IJskoff 

How do readmgs of the IJskoff sphygmotonograph compare with 
those of some thoroughly tested sphygmomanometer, when they are made 
simultaneously m man ^ I have made a few tests of this nature with my 
sphygmomanometer Although the results are in keeping with the fore- 
gomg discussion, thej’’ will not, for obvious reasons, be used here It 
IS preferred to quote instead the results of other investigators 
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Fantiis and Slaeliolm’’ ha\e conipaicd the readings oX the UsKoiT 
in^tiuincni A\iih the Xtechlinghaubcn tononictei Appaienlh only one 
test yafe made and the l\\o leading'? noie made one aftci the other, not 
simiiltaneon^I} T])Ca a'^'^cil, lioweici, that the blood-pie=snie did not 
cliange in the niton al Tlie tc'^t ‘showed that the laige‘?t oscillations of 
ttie Uskotr imiiument aie liighei lelatl\el^. tlian tlie smallei oscillations 
The}' found, in addition, tliai ‘hn llio eiincs of tlie 17‘^kotl apparatus 
neitlioi the sudden diminution noi tlie cliange in i}pe of the sepniatc 
sliokes can be lecogni/ed ' On the othci hand, ^^maMmnm oscillations 
occui at the ‘=ame pie'-siiie as nith the other form of appaiatus” In 
othei M'oids, the sudden diminution in amjilitude (their figme shoiis this 
to ha\e occmied at SO mm Ilg, i e pnt yheie the eiioi of the bulb 
IS most apt to manifest itself), nliich n geneialh bclieied to indicate 
the diastolic piessuic, i\e do not doubt, nas ob'sciiied b} the increasing 
extensibility of tlie U^kofT bulb at this point The fact that the ma\i- 
mum oscillation of the two instruments in this te'^t oceuiied at the 'same 
piessuies is not unexpected since the} weic recoided at a time when the 
pressure was high enough, 110 mm Ilg, to be piaclicall} abo\e the region 
of eiror (see Figs 2 and 3) 

Fantus and StaeheliiF atliibiiled the difficulli to a total!) difleient 
faetoi, name!}, the picsence of the capillai} opening in the taniboui of 
the Uskoft instrument Thei did not, howeiei, make aii} attempt to 
determine by means of diiect expeiiment w bethel the elimination of the 
capillary opening would eliminate the difficulty That the capillaiv 
opening is not the cause of the absence of the sudden diminution in 
amplitude is pioved by the piesence of this impoitant maik on the lecords 
of other instruments that make use of tins deuce, as w'ell as by experi- 
ments ivhicli have shown that such an opening, if sufficiently small does 
not materially modify the foim of a blood-piessiiie leeoid^ On the 
contrar}, the capillar}' opening, did it act as Fantus and >Staehelin 
premise, namely, to repioduce the larger and more rapid pulses in rela- 
tively larger amplitude, w'ould tend to exaggerate, latliei than to obscuie 
this sudden change in height of oscillation * 

Van Westenrijk® has compared the leadings of the Uskoff spliygmoto- 
nograph and of the sph}gmoscope of Pal w'lth those of the auseultatorv 

3 Fantus and Staeliehn Ztscln f klin Med , 1910, l\x, 444 

4 I am inclined to belieie that the negative lesults lecorded by Fantus and 
Staelielin are, in part at least, to be attributed to the use of an instrument which 
even according to their own observations, is faulty In any ei ent, then conclusion 
to the effect that “exact investigations of the blood-pressure after mnsculai exer- 
cise show that in the healthy the legulation of the hlood-pressuie is too com 
plicated to permit of the drawing of any conclusions from the maximum and 
minimum blood-pressures and pulse amplitude,” is not concurred in by othei 
investigators using other forms of blood pressure apparatus ( e g Lowslev Am 
Jour Physiol , 1911, xxvii, 446) 

5 X^an Westennjk Ztsehr f klin Med , 190S Ixvi, 465 
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method of deteiminmg the blood-pressure He could find no constant 
correspondence between the jDiessnre at which maximum oscillations weie 
obtained with the TJskofi instiument and the piessure at which the sounds 
in the aitei}^ disappeaied On the other hand, theie was an ahiiost exact 
agreement between the significant pulsations of Pahs sphygmoscope and 
the significant sound phenomena as revealed by auscultation of the 
artery distal to the compiessed aiea 

Van Westenri 3 k makes no attempt to account for his difficulties with 
the TJskoff instrument, they, however, receive a ready explanation in the 
light of the defect herein desciibed 
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Figs 4 and 5 — ^Showing the lelative volume-changes of the unsupported lubber 
bulb with successive decrements of 10 mm Hg Units on the oidinates have the 
same A'^alue as those indicated on the oidinates of Figures 2 and 3 


The tests of the TJskofi bulb were naturally checked by similar tests 
of an unenclosed rubber bulb As the unsupported TJskofi: bulb cannot 
sustain the pressuies it is necessary to work with, a bulb from an 
Bilanger sphygmomanometer was employed in making these tests The 
results of two of the many experiments made are shown in Piguies 4 
and 5 These are on the same scale as Figuies 2 and 3 If we except 
the slight variabilit} due to the experimental error, it is seen (1) that 
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the nmplitude of ihe volume changes iccmnng at piessure beloiv 110 
mm Ilg aie smaller than tliose of the TJskofi: bulb, and (2) that the 
extensibilit} diminishes stcadilj (from 10 5 to 8, approximate^), as 
the basal piessure deci cases fiom loO to 20 mm Ilg This diminution 
in amplitude is due to the change in the volume of the bulb, the 
area acted on by the picssuic being laigcr in the more than in the less 
distended bulb ProMdcd the limit of elasticiti is not exceeded, and 
pi Gliding the extcnsibilit}’’ is not too gi eat. the curve of sensitiveness of 
the flee bulb Mill alvais haic appioximateh the same lelative form In 
any event, the changes m ‘^ensilneness undci different pressures are so 
slight compared Mith ihe o‘?cillations produced b} the pulse, and so con- 
stant, that they ivould not in any wa}' inteifeie Mith the interpretation 
of a blood-pressure record The TJskoff bulb, it should be added, shovs 
the same decrease in extensibilih, and in far greater degiee relatively, 
M'hen, at low pressures (20 mm Ilg), it is free of the meshwork 

And in regaid to the first difference mentioned abo\e, the small 
amplitude of the unsuppoited bulb is the pi ice that must be paid for a 
rigidity that is sufficient to obviate ihe necessity of a supporting 
meshwork 

The results of this investigation Mould natuially suggest substituting 
the supported bulb m the Uskoff instiiiment by an unsupported bulb 
This, however, is impiacticable, at least with the form of tambour and 
level at present employed bj XTskofl This conclusion is based on a 
comparison of the amplitude of the records obtained from one and the 
same subject Muth an TJskoff instrument and with an instrument (the 
Erlangen sphygmomanometer) containing an unsupported bulb To cite 
just a single illustrative case, the maximum amplitude with the former 
was 9 mm as compared Muth 21 mm , the maximum amplitude with the 
latter , this, despite the fact that the extensibility of the TJskoff bulb at 
its optimum 15 almost ten times that of the unsupported bulb "Wliether 
or not the recording mechanism of the TJskoff instrument could be made 
sufficiently delicate to render possible the use of the unsupported bulb 
was not within the scope of this research to determme 

At pressures above 120 mm Hg, the oscillations of the TJskoff instru- 
ment are apt to be veiy small, so small that the employment of the 
change of form of the recorded wave as a criterion of the systolic pressure 
was usually quite impossible, while the employment of the sudden 
increase in oscillation for the same purpose was often precarious 

At this point should be considered the criterion for the estimation 
of the systolic pressure, described by TJskoff in his paper TJskoff states 
that systolic pressure is indicated, with falling pressure, by the ‘begin- 
ning of oscillations ” Without entering into a detailed discussion of this 


6 Erlanger Am Jour Physiol , 1908, xxi, 24 
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matter, it will only be necessary to recall here the papers of Eoy and 
Adami published in 1890/ m which the proof is furnished that the pies- 
suie at which the first oscillations occur depends primarily on the delicacy 
of the recording mechanism With a pressure on the artery sufficient to 
occlude it completely throughout the entire sphygmic cycle, the hydraulic 
ram action of the pulse on the upper conical closuie of the artery usually 
effects oscillations of some magnitude I have obtained oscillations at 
pressures on the arm that were twice the systolic pressure. And, as a 
matter of fact, the records published by 'TJskoff contradict his own state- 
ment, they show oscillations for some time before the place wheie are 
inscribed the marks mdicating the position at which the piessure was 
systolic 

Some of the mgenious devices employed by Uskoff m his sphygmoto- 
nograph should not be passed unnoticed. The levers writmg horizon- 
tally, such as were employed by Dudgeon on his sphygmograph, could 
they be made sufficiently delicate, would have decided advantages ovei 
vertically writing levers, especially when, as in polygraphic work, it is 
necessary to manipulate more than one recording device The device for 
automatically marking on the record the rate of fall of piessure is 
extremely ingenious Excepting, however, the first observations of a 
beginner, or investigations demandmg unusual accuracy and fieedom 
from personal equation, a record of the rate of fall of pressure seems to 
be superfiuous When it is necessary it can readily be obtained, as has 
frequently been done, with a recording electromagnetic signal, such as is 
to be found in every laboratory, by closing the key with each decrement 
of 5 to 10 mm of mercury. 

1806 Locust Street 

7 Roy and Adami Practitioner, 1890, xliv and xlv 



INFANTILISM IN PITUITARY DISEASE 


ALBION WALTER HEWLETT, IMD 
ANN Alinon, Midi 

Since the appeal ance of Fiohlich's pnpei^ in 1901, it has become gen- 
erally recognized that tnmois in oi neai the pituilaij" gland ma} cause 
disturbances of bod} giouth and general metabolism uhich are quite dis- 
tinct fioin aciomegal} and giganti'-m Piankl-ITochuart- has iccently 
collected and analyzed tlie findings m 155 pituitaiy affections of this 
dial actei The S} mptoms present may be i oughly divided into two classes 
those due to the mechanical effects of the tumoi and those which seem to 
be due to an altered inteinal secietion To the foimer group belong the 
headache, vomiting and visual distuibance® The most chaiacteristic of 
these, primary optic atiophy and unilatcial or bilateral temporal hemi- 
anopsia, are due to dnect piessure on tlie optic chiasm or nerves To the 
latter gioup belong the sevual disiuibances (retarded se-\ual development, 
cessation of menses, etc ), the obesit}, the stunted giowth, and possibly 
the occasional diabetes insipidus These are due, in pari at least, to a 
diminished secietion of the anterioi lobe of the gland (hypopituitaiism) ® 

REPORT OF CASES 

Owing to the general interest in this group of conditions and to the 
fact that they are probably more common than is generally supposed 
it seems advisable to report the following case histones, even though the 
diagnoses weie not confirmed at autopsy oi operation The clinical pic- 
tures presented by the fiist two patients are so chai actei istic as to leave 
little doubt concerning the nature of the trouble The thud, a doubtful 
case, is reported because the effect of lesser changes in the pituitary secie- 
tion IS but little understood and because it is piobable that m this patient 
we are dealing with a mild form of chronic hypopituitarism 

Case 1 — History of liimn tumoi Blindness due to primary optic atrophy 
Retarded growth Sexual infantilism Ohesity Diabetes insipidus 

*Froni the Department of Internal Medicine, University of Michigan 

* Read in the Section on Practice of Medicine of the American Medica 
Association, at the Sixty-Second Annual Session held at Los Angeles, June, 191 

1 Prohlich, Alfred Em Fall von Tumor der Hypophysis cerebri ohne 
Akromegalie, Wien klin Rundschau, 1901, xv, 883, 906 

2 Frankl-Hochwart, L , v Die Diagnostik der Hypophysistumoren ohne 
Akromegalia, Wien med Wchnschr , 1909, lix, 2127, 2258, 2326 

3 Cushing, H Partial Hypophysectomy for Acromegaly, Am Surg , 1 > 

cl, 1002, Biedl, A Innere Sekretion, Berlin and Wien, 1910 



±LBWy WALFER EE^^ LETT 


33 


Htstoiy — The patient was a joung man, aged about 27, family history 
negative Between the ages of 5 and 9 yeais he had the typical symptoms of 
biain tumoi, with seveie headaches, vomiting, maiked emaciation, and giadually 
developing dimness of vision which piogiessed to complete blindness At this 
time also he began to suffei from polyuria At about the age of 9 the headaches 
and vomiting disappeaied, the patient began to inciease in weight, and since 
that time he has been excessively fat He has nevci shown the slightest indica- 
tions of sexual development 



Tig 1 — Lateral view of patient 1 Note the obesity, lumbai loidosis, small 
liands and feet 

Fig 2 — Postei 101 view of patient 1 Notice the genu v algum and the dis 
tiibution of fat on the bodj" 

Examinaiion — The patient presented the geneial appeal ance of a blind fat 
boy (Fig 1), height in stncking-feet 4 ft 9% in, head faiily laige supia- 
oibital ridges not well developed, lower jaw latliei small The teeth weie 
cionded together on both jaws No maiked dispiopoitioii existed between the 
length of the body and that of the extremities Theie was marked genu valgum 
(Fig 2) The hands weie small and chubby, with delicate tapeiing fingers 
(Fig 4) The feet were also veiy small and theie was flat-foot on both sides 

The fat ovei the wdiole body was inci eased, the weight being 166% pounds 
Depo=!its of fat were especially marked in the mamnne buttocks, abdomen 



1 1(0 HI I n« or n rnu ^ i l mi:dici \ i: 

ami abo\e tlio s\ niphj <^is pubis (Figs ], 2, 3) 'J lie-.r ga\c the figuic a feminine 
appeainnco 'Jbc jienis uas \cn siiinll nml almost coiered bi tlic mass of fat 
about tlic mons leneiis 'Jlie sciotuni was small arid buiied in fat Both 
testicles ucie of infantile (ipc, the left being deseeiulcd nornmlh, the right felt 
at Ibc exteinal iiiig 



Fig 3 — Antoiior mow of patient 1 Notice the disti ibiition of fat 



Fig 4 — Hand of patient 1 (to the left) — Compared with band taking a !No 
7 glove Note the small size, the tapering fingeis and the delicate skin 

The hair over the head was normal, over the body, it was very fine and soft 
No beard had ever developed and only a few coarse hairs were present in the 
axillie and about the pubes The skin was soft and delicate The voice was 
high-pitched and of a melodious quality The patient presented many emotiona 
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Pig 5 — Anterior vie\% of patient. Case 2, by the side of a man 5 feet 8 inches 
Ingh Note the adolescent figure and the absence of hair on the face and pubic 
region 


Fig G — Patient 2 laiei.il vlc^^ 
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c!uinclcn‘:lic‘s of cliildliood, hoing airfclionnte, bnov.uif, but iticlnipd at times 
to di«courapcment nnd woepnig «^pens ]h> gonoinl nilolligeiipo and intellectual 
dcielopnioiit weie good, niid, in ‘;pito of his blimliie'S, lie Mas able to nianage a 
small business ^el\ suoccssfulh ° 

Since childhood the niine had alwius been inci eased in ainount, at times 
accoiding to the liaticnt’s statements, leaching eight oi more qiiaits a da\ 
Kcpcatcd c\aminnlions of the uiine showed a specific graMh mIiicIi did not lan 
fioiii 1,003 to 1,001 'Jhe nnnni\ e\aiiiiiiations weic otiieiwise negatne 

'the e^es MCI e completely blind \n exnmiiiation showed “Both pupils shghth 
dilated, the left one moio than the light Xeithfi react to light, the light 
pel caption being ml Some instagmus is jnesent, probabh due to inabiliti to 
IK objects JKtrinsic e\e muscles noiiiinl Ophthalmologic c\aniiiiation shows 
clear media 'Jhe fniidns is somewhat o^Cl -pigmented, hut probalih not patho 
logicalh so Both nene heads sliou cleai maigins and arc bluish wliite in 
coloi 'Jhe ohjectne jnctiire is that eommonU seen in jiiimaiy ojitic atiopln 
'Jhe Acssels show no cMdence of pressnic” 



Fig 7 — Hands of patient. Case 2 Xote the Jong slendei tingeis and dn skin 

Two attempts weie made to obtain ladiogiaphs of the skull but the plates 
were not good As the patient complained of headache aftei having been exposed 
to the asiay^, no further efloits in tins direction were made Plates of the hands 
showed complete fusion of the metacaipal and phalangeal epiphyses The lowei 
epiphyses of the ulnai and ladius wmie also fused but the lines of fusion w’eie 
plainly visible and wmie indicated by notches on the edges of the ladii so that the 
fusion M’as probably lecent and coiisidei ably delayed beyond the normal^ 

The histoiA’^ of brain tnmoi, the stunted growth, optic atiophy, 
obesity, sexual infantilism and diabetes insipidus leave no doubt as to the 
presence of a tiimoi in or near the pituitary gland producing sianptoins 
recently attiibuted to h3^popitnitarisin The patient took the powdeied 

4 Botch, T M, and Smith, H W A Study of the Development of tlie Ep 
iphjses of the Hand and Wiist foi the Puipose of Classifying the Cadets at An 
napolis, Tr Assn Am Phys , 1910, xw, 200 
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anteiior lobe ol the hypoph 3 ^sis, 15 gi (1 gm ) a day, foi over a month 
but without marked effect More lecently he has been given the pou- 
deied thyioid glands, but after about two weeks he complained of pains in 
the head, dizziness and apprehensive sensations which led to a discon- 
tinuance of the medication 

Case 2 — Since the age of IS, peiiochc headaches niih vomiUng Mild sexual 
infantilism Adolescent height and figuie Bitenipoial hemianopsia loith 
piimaiy optic atiophy Bony changes in the legton of the sella tuicica 

Hist 01 y — A man, aged 40, fiist enteied the Univeisity Hospital at Ann 
Aiboi, July 7, 1910, complaining of dimness of vision, constipation, palpitation 
of the heait and geneial weakness His family histor}^ ivas negative, except that 
one sistei AA'as suflenng fiom a nenmus tiouble Patient had had the ordinal y 
diseases of childhood He denied Aeneieal infection As a child he had gone to 
school and had had no difficulty in keeping up with his classes At about the 
age of 13 he began to suft'ei fioni pei iodic headaches which veie usualh 
associated with vomiting, coming on one or two hours aftei the onset of the 

LEFT RIGHT 



Fig 8 — ^^’’isual fields for candle light in second case showing the bitempoial 
hemianopsia 


headaches These headaches often seemed to be precipitated by hard work, but 
they came at fairly regular intervals of one to two months His habits had 
been good, he had used alcohol rarely and had not used tobacco, tea, or coffee 
He had had occasional nocturnal emissions between the ages of 14 and 20, but 
none since then He had never mariied and had never had sexual intercourse 
The piesent trouble, in his opinion, dated back three or four years During 
this time the headaches had increased greatly in severity, but the associated 
lomiting had lessened so that at the time of admission he rarely vomited The 
headaches usuallv centeied about the frontal legion, extending down over the 
eies His sight began to fail about tuo yeais preiiouslj' and the failure had 
gradually increased He had become constipated, nervous, and inclined to isola- 
tion Six years befoie he was advised to drink large quantities of water and 
he belieied that in the last -sear he had been unusually thirsty The patient 
left the hospital Julv 13 but returned Hov 19, 1910, stating that his headaches 
had become moie tioublesonie and that he had had some discomfort in the 
epigastiium uithout nausea oi vomiting His sight had fluctuated considerably, 
but had become voise on the whole 


3S 


1 KV III 1 L.V 01 I\'1L1{\ \h Ml '1)101 \ L 


IJTdmxnaOon — Dec 2, 1‘tlO, llie j)ationt iipjjcared to he a shoit, slender and 
delicalch pioj)oi tioiicd man uitii a lijzme U''einl)hnfr that of a male adolf=u’nt 
(Figs 5 and 0) Height in stocking feet xca*- 5 fed 2 indies, Mcightd 70 pounds 
The head i\as ^^cll foimod the thoiacu spjjie showed a shirlit k\phO''is, the hands 
(Fig 7) and feet weie lelatneh long ami ‘•Inider 'J he skin o\<r tin face and 
hands was sallow ^ellowlsh, dr\ and scaling, om r tin com red paits of the 
bod> it was soft and ratlioi delicate 'I he dunks and lips showed a lew thin, 
toloilcss hails, the hair o\ei the hodj was inn and «oloile->s, and thcic was 
almost an cntiie ahsence of a\iilur\ and juiliu hairs 1 In ]tenis appeared 
normal, the testicles wcie small and latlur soft J he patient spcnied nenoiib 
and emotional 'Jhe pupiK weie ecpial and reulrd wdl to light and nioderateh 
well on accommod.ition theie heing no p.uahsis of the extra ocular imi«cle' 
'Jhe Msion was so diminished thai the jtatunt could hardh coniit fingers 
Ophtlmlmoscojnc examination in the uiineisitx eec* clinic showed i piiinari 



Fig 9 — ^X-ray plate of the base of the skull, Case 2 show mg absence o 
normal outlines of sella turcica The aiiow points to the sella legion and i 
possible that the large pale aiea lepicsents the abnoimal sella (iiatuial si/e) 

optic atrophy Ihe visual fields, as determined b}^ a lighted candle, showed a 
bitemporal hemianopsia (Fig 8) Hie general strength was diminished a 
there was no definite paialj^sis and no distui bailees of cutaneous sensation 
tendon reflexes were everjwvheie active, the skin leflexes not nici eased 
thyroid gland was neither seen nor felt Lungs, heart, and abdomen weie 
negative A single blood-pressure determination on the liist admission 
systolic pressure of 110, but on the second admission it wms taken repeate 
and was constantly low, langing from 84 to 87 Wasseimann leaction, gastn 
analyses, and microscopic stool examinations w'ere negative The urine, of w iic 
1 to 2 liters were passed daily, showed a constantly low' specific gravity, ’ 
average of twelve examinations being 1,006, w'lth 1,004 and 1,010 as extiemes^ 
A restriction of liquids foi a xveek did not raise the specific giavitj' 
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ladiogiapluc plates (Fig P) taken tinns\ei ‘-ch acio&b the head slioned an 
ahsence of tlic “-liadows noiina]l\ cast In the hone-) sni loiijuling (he sella (iiicica 
I’lates of the hands w lists, elhons and knees showed toinpletcd fusion of the 
epiplnscs 'Jhc possibilities of ojieiation weie discussed with the patient hiil he 
declined on account of the dangei and oui iiiihiliti to pioinise a restoiation of 
Slgllt 

C isi 3 — IfcUn (led menial (let clopincnt fOnnU fuimc Lat f/c scUa iuicica 

}li'i1o)y A man aged a2 came to the Liiinoibili JJospital at Ann Arboi 
Apiil 24 101 1 complaining of stomach tionhlo Ills funih liiston was negatne 
He had foni hiolhcis all of whom weie of a\eiage lieighl, langing fioin i feet 
7 inches to a feet 0 inches 'i he jiaticnt hid neici been \cr\ lobust Up to the 
age of 10 he Iiad piogie-sed noimallj in school but at that time he had an 
illness which was di.ignosed as spinal meningitis and wliicli intciiiipted his 
schooling Ills fiist definite so\uaI feelings and fust seminal eniissions occnried 
it about the age of 30 \oais 'tins was followed bi i pciiod of maslnrbatioii 
and since then b\ siibnoi in il sevnil impulses Jhc patient Iiad iieiei maiiied 
and had nc\ci had so\ual inleicouisf ]le had ilwajs had moic oi le«s null 



taibeicle rises abruptly and joins tJiat of the anterioi clinoid piocess, giving a 
\eitical shadow' to the anteiioi ivall of the cavity Heie, how'e\ei, the flattening 
of the tubercle gives a pointed appeaiance to the anteiioi end of the cavity The 
plate lesembles that taken aftei death fioni the piepaied skull of Eidheim’s fiist 
patient but in my case the sella is largei and the flattening of the tubeicle more 
pionouneed (Erdheiin J Uebei Hapopinsenganggeschwailste und Hiincholes 
teatome Sitzungsb d k Akad Wissensch Math natuiw K1 1904 eviii, 
Pait 3, p 710 ) 

gestion with intestinal distuibances He avas in the hospital in 1906, at wdiich 
time the diagnosis w'as made of neuiasthenia, chronic gastritis, pigeon breast, 
and ulceiated septum He entered again on account of epigastiic distress after 
meals, belching of gas, and irregularity of bowels Physical and laboratory e\ani 
inations failed to show' any definite organic cause for these complaints 

Examination — The patient was a short man, 5 feet 2^4 inches in his stocking 
feet weight 91% pounds without clothes (Fig 10) Like the preceding patient 
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he A^as delicately built, the bones Aveie small and slendei , the hands lelatn^eh 
long and slendei The chest Avas lounded and AA'as asynietiical, AAutli a maikedly 
piotiuding steinuni Iheie AA'as slight kyphosis in the uppei thoiaeie spine 
The skin of the face aa'os deeply tanned and much AAuinkled The hands aa'cic 
cyanotic The skin OA'ei the exposed parts of the body AA'as diy and scaly, ovei 
the coA'eied paits noimal The giOAA'th of haii aa'bs noimal, the external geni- 
talia lathei small, knee-jeiks AA'eie active, Wasseimann leaction negatiA'e The 
specific giavity of the mine AA'as 1,012, quantity AA'as not incieased Examina- 
tion of the ej'es in the eye depaitment of the UniA'eisity Hospital shoAA'ed a slight 
geneial limitation of the A'lsual fields due to coitical cataiaets The optic neiA'es 
AAeie lather pale, aaiUi aiteriovenous compiession A ladiograpli of the skull 
shoAAcd a sella turcica someAvhat laigei than noimal and chaiacteiized especialh 
IjA an absence of the shadOAV of the tubeiculum sellje, and bj' a Avide entrance fiom 
aboAe into the fossa (Fig 11) 

^Ve are indebted to the Fiench school foi niimeious studies and 
dismssions on the nature of infantilism Vaiious definitions foi the 
condition hai'e been pioposed Some Avould limit it to the peisistence 
of childish 01 infantile ehaiaeteiistics in older people, Avhile otheis piefei 
the more geneial conception of a ^‘peisistence in a gii'en person of chaiac- 
terisrics, bodily and mental, udiich belong to one of less adi'anced age ’ 
The Eiissaud type of infantilism in which the characteiistics of infancy 
or early childhood are especiall}- retained is described as follows “Eound 
chubby face, lips projecting and plump, small nose, smooth face, fine clear 
skin^ fine hair, eyebrows and eyelashes scant, eyes prominent, large lound 
cheeks, infantile face and head, skeleton under-deyeloped, neck short and 
ehubbr^, body long and cylindrical, abdomen prominent, limbs round and 
large, laj'er of fat over the whole body, infantile pelvis, lumbar lordosis, 
ludimentary sexual organs, no hair except on head, high-pitched voice 
thyioid small, mind slow, letardation of ossification, absence or retarda- 
tion of second dentition ” My first patient showed many points in 
common with this description of the Brissaud tjpe of infantilism'’ In 
him development had been arrested earlj in life and he showed many of 
the bodih’’, mental and sexual characteristics of childhood Brissaud 
Mould attribute such arrested development to an insufficient thyioid 
secietion, but it seems certain that this conception is too restricted and 
that other causes maj^ be operative So fai as hypopituitarism is con- 
cerned it IS possible, of course, that this may influence the thyroid secre- 
tion or that it may be secondary to a thyroid disease, foi the two glands 
beai an intimate relation to each other According to Brankl-Hochv'art, 
lioAAeAer, constant anatomic changes hai'e not been demonstrated in the 
tliAioids of patients Avith this type of pituitary disease, and the unusual 
intelligence of the first patient M'oiild speak against a marked thA'ioid 
insufficiency in his ease 

The bodily dei'elopraent of the second patient diffeied fiom that of 
the first chiefly in the absence of obesity and in the geneial appeal ance 


5 Bii'ss'iucl L infaiitilisnie Aiai Xom icoiiog de la Salpetiieie 1007 xx 
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of adolescence latliei than of childhood The infantilism in this case 
hole a geneial lesemblance to that which usually goes undei the name of 
the Loiain t\pe, and has been dcsciibed as follows “Small stature, deli- 
cately-foimed, slendei skeleton skin soft and pale, large shouldeis, low'ei 
extiemities long and slendei, tiunk lelatneh small, infantile steinum 
and pelvis epiplnses noimallv united, no fat, abdomen noimal, finelj 
chiseled face, voice high, neck long, genital atioph} absence of oi slight 
secondai}' sexual chaiacteiistics It has been claimed that these iwo 
tipes of infantilism aie essentiall-^ difleient and that in the Biissaud, the 
fusion of the epiph 3 ses is delated, while in the Loiain t\pe the fusion 
occuis at the noimal time oi piematuieh The ^alue of this ciiteiion has 
been shaken b^ the fact that in some cases of the Loiain hpe epiph^'seal 
fusion has been letaided ° It would seem that the two aie not essentially 
diffeient but that in the Biissaud t^pe deieloprnent is ariested at an 
eailiei stage than in the Loiain type, due eithei to an earliei onset oi to 
a moie seveie causative agcnc} 

Ihe Loiain type of infantilism appeals to be rathei unusual m 
pituitaiv disease, possibly on account of the fiequent development of 
obesity wdiich wmuld mask its chaiacteiistic featuies Howeiei, in one of 
Levi s® patients and in that desciibed by Lemann and Van Wait.® topical 
Lorain infantilism was associated with piesumable disease of the pituitaiy 
gland It IS impoitant to note this occuiience because it serves to indicate 
that the same group of causes may give use to the different types of 
infantilism Fi ankl-Hoclnvart believes that wdien pituitaiy disease occurs 
in eaily life obesity is moie common than wdien it begins later, but 
this rule is subject to numerous exceptions In my second patient a mild 
tj'pe of hypopituitarism occuning just befoie adolescence w'as piobably 
sufficient to stunt the grow'th and to retard sexual development wuthout 
inducing obesity In the third patient the diagnosis is not w'ell estab- 
lished, but the enlargement of the sella tuicica and the general lesem- 
blance to the second patient suggest that w'e are dealing lieie wutli a mild 
form of hypopituitarism 

The first patient show^ed a tjpical diabetes insipidus, wutli very large 
quantities of urine and a constantly low specific gravity Frankl-Hoch- 
wart found this condition mentioned in 7 pei cent of the cases wducli 
he investigated On the other hand, diabetes mellitus w^as very raie in 
his series, much more so than among the collected cases of acromegaly 

We are quite ignoiant as to the precise nature of the diabetes insipidus 
w'hich occurs in pituitary disease It has been shown that the posterior 

6 LeM, E Contribution a I’etiide de I’lnfantihsnie de tvpe Lorain, Nouv 
iconog de la Salpetnbre, 1908, xxi, 297 Lemann, Isaac I , and Van Wart, Eoy 
M A Case of Infantilism with Absence of Thyroid and Tumor of Pituitary, 
The Akchives Ikt Med, 1910 \, 519 
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and middle lobes of the gland may increase the flow of urine/ and it is 
possible that an overaction of this portion of the gland may be associated 
Avith a diminished activity of the anterior lobe Possibly, however, the 
diabetes insipidus lesults fiom nervous impulses excited by an irritation 
of structures at the base of the brain In my second case, the mine was 
not increased maikedly m amount, vaiying between 1 and 2 liters pei 
day during his stay in the hospital The examinations, however, were 
inteiesting in that they showed a constantly low specific gravity which 
averaged 1,006 and never exceeded 1,010 B Meyer® has shown that in 
true diabetes insipidus the kidney is unable to seciete concentrated urine, 
and I found tliat even though this patient took less than 500 c c of liquid 
per dajq the specific gravity of his mine was not raised Unfoitunately 
it was not possible to make an accurate metabolic study 

CONCLUSIONS 

1 The infantilism associated with disease in oi neai the pituitary 
gland may lesemble eithei the Brissaiid or the Loiain type of infantilism 

2 A constantl} low specific giavity of the urine in patients with such 
disease may be the equivalent of a mild diabetes insipidus 

902 Baldwin Avenue 

7 Schafer The Functions of the Pitiutarj’’ Body, Pioc Roy Soc Biol, l\\\i, 
442 

8 Meyer, E Uebei Diabetes insipidus und andeie Pol^unen, Deutsch Aich 
f klin Med , 1904, Kwiii, 1 
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T h]‘= (O^e io])oi(o(l h('cau-o it indudo'' not onh the oulinan clinical 
oh'=oi \alion« but aKo diioct maiioiiicti ic l)lnod-))iC''«uie and inliatiaclieal 
ic‘=piiatnn pie^^cuic liacinsfc toifelliei Mitli aniop'-A hndin"« uitli liisto- 
lofifical lepoil all on a do^ which had a widch jiatonl durtu': ai(eno=:u= 
Botalli with anounsin of the duct it«ell and the heirmnin^ ‘>\‘;tcinie and 
pulinonan aoitic A luithci fa'voiahle condition wa^; that death in thi= 
case wa'? caused In lapid ‘snflocation B\ thi« inean‘- the phisiolocfieal 
and patholo£rical conditions oi changes canned liA the pei'^istent patcnc\ 
of the ductus weie all pie^ened unoI)=;cuied 1)\ am otliei o\ci‘:liadow ing 
diseased condition a-? is usual at autop'JA 

Fioni a <5tu(h of the ca=e lioiii these diileient points of mow it seems 
tliat the clinical sMiiptoins and abnoinialitics in blood-piessuie and lespi- 
lation and the changes found in the \ anon's oigans which wcio associ- 
ated with the pei'sistent ductus, aie all lelated. and appaienth constitute 
a condition as a whole wdiich leads to a tolerabh eatisfaeton conception 
of the natuie and cause of the changes picsent 

The case lepoited heie is that of a dog which was used foi a denion- 
=tiation in the Phaiinacological Laboiatoi} of the Unneisity of Pitts- 
burgh Following are come of the notes fioin the clinical desciiption 
baced on the examination pieliininai\ to anesthetizing the animal 

NOTES ON CLINIC VL EXAMINATION 

Alaicli 15, 1910 2 30 p m Adult well noiu ishecl male clog with yellow Imii 
lYeight 14 000 gm Behavior noimal, latlier quiet, not excited Kespiiation 10 
in ten seconds (Owing to liis looking about and inquisitneh sniffing the an, 
some difficulty was expeiieneed in making the obseivation ) 

At 2 48 p m Pulse fioni the fcmoial aiteiy 21 in ten seconds, somewhat 
iiiegulai showing a pei iodic samnietiical aihythmia, which seems to beai a 
close relationship to the respiiatoiv movements Inspection show'ed a gieath 
exaggeiated caidiac impulse, both as to foice of impulse and as to aiea of 
sill face involved in the movements of the heait beat, and aBo bi ought out cleaih 
the pel iodic aihjthmia which was obseived in counting the pulse In addition 
theie was a pow'eiful thrill This thrill continued and swelled out stiongh dm 
iiig SI “stole and was less poweiful though still veij well maiked, duiiiig diastole 
lentatiie diagnosis made at tins time Aneurysm with aoitic leguigitation 

^Pioni the Laboratoiies of Phjsiologi and Pharmacologv of the Unneisiti 
of Pittsbuigh 
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Fig 1 — liacing shoAMiig simultaneous lecoids of caiotid blood-pies^uie and 
intiatiacheal lespiiatoiv piessuie, taken fioni a dog ^^lncll had a pei~i«tent 
patent duct of Botal A, lespiiatoiv tiacing (inspiiation gnes upstioke) B 
caiotid blood-piessuie tiacing C baseline 


U) 
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At 2 lO p in Pulse 21 in ten seconds Kespnation i in ten seconds Pupils 
nicasiiied in the hiiglil li<flit 2 “i nini in di.iinctei 

Following aie some of the notes niiule timing ilic clcinonstiation which 
show file lesultb of anesthesia niitl lilood-piessiiie and lespiiation 
obseitations '^rhev aie sutheienl to s]iow the chaiactci of the pulse and 
lespiiation 

XOJ’LS 0\ llLOOD-IMtl SSI HI WM) lil SPIU \TrOX 

2 51 p 111 Bcfr.in the adniinisti.ilion of ethoi Animal stiu<;gled 
2 51 45 p in Aniiml loHxcd hut shginh and winked its c^es fiequenth 

2 52 15 p in Pujiils dilated Dog still winking 

2 52 30 p in Pulse 33 in ten ‘•ecoiids Kespnatioii 0 in ten seconds 

2 53 p in Pupils dilated No itfle\ on touehing the eoiijiinetn.i Intra 
oihital pies'^uic coiisideiahh increased 

2 54 p in I’ulsc P) in ten seconds Pespnation 12 in ten seconds 

2 55 p in Aniin il not well lokwed Anesthetic ineieised 

2 50 p in Animal sunicienth well lelaxed Opeialion begun 3 radical can 
null, inseited, connected with the ethei bottle and with a shoit side connection 
to a tamboui which gaic ujisliokes on inspnation 'Ihicewai cannuli inserted 
into light common caiotid arteii and connected with a ineicun manometei bi 
a shoit iiibbei tube 3 ho ethci was ciowded to the ma\imum In shutting off 
entiieh the an hole in the tiachcal caniiiihi and In shaking the ether bottle 

3 00 p in Pulse 30 in ten seconds Respnation 15 in ten seconds Began 
blood pi essuic and losjmaton ti icings 

3 01 30 p ni Pulse 30 in ten seconds Besjniatioii 12 in ten seconds 

3 02 p ni Pulse 32 in ten seconds Bespnntion 12 in ten seconds 

3 02 10 p in Pulse 20 m ten seconds Bespnntion 15 in ten seconds 

RemaiL — Jhioughoiit these counts the pul«e alteimted in chanctei First, 

one beat was aen stiong and tiiphanimei in chaiactei while the next one was 
aen weak Occasionalh theie weie complete notches oi omissions 

These obsel^atlOlls aie sufficient to giie tbe main chaiactei s of the 
blood-piessuie cliangos and lespiiaton movements and to shoir then 
lelation to each othei Mea«uiements of the blood-piessuie tiacing taken 
b} an Oldman meicuii manometei (without maxima] oi minimal valves) 
show (Fig 1) a mean piessiiie of about 164 mm The minimal shown 
on the tiacing is 136 mm and the maximal is about 172 mm The late 
of lespiiatoii'^ moieinent is geneialh about one-half that of the pulse- 
rate Dining inspnation tlie blood-pressuie falls, and dining expiiation 
it rises 

Then follow obseiiations of the action of magnesium sulphate on the 
animal and finally death wdncli was caused b}' clamping the tiacliea 

When the thoiax was opened aneinismal dilatation of the beginning 
systemic and pulmonaii aoitm wms obseived but patency of the duct of 
Botal was not x^et suspected 

Follownng is a brief siimmaiy of the chief findings of the autopsy 
which wms held about an hour aftei the death of the animal 

XOTBS ox AUTOPSY 

March 15, 1910, 5 30 p m The hodj is that of a wellnouiished male dog 
with short xellow haii Length of body from tip of nose to root of tail, 55 cm 
Weight about 14 kilos Body slightlj wmrm and not in rigor mortis except 
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gliiiicK ai 0 black but not swollen lie iieait and its accoinjmiiMng kiigc acsscIs 
and the lungs aic leinoAed oi m«sst J he lungs contain (onsideiablc black pig 
incnt 'Jhe\ aie shglitj^ di'-coloied, and show small aieas of enijilnseina (due 
doubtless to jiosjtne .utilicial lespnation) 'J hc\ feel shghth tough and leather\, 
xnd then do not collajisi quite so iculih as nonnalh 'Jlicie aic no area- of 
consolidation oi cacities 'J he cut sin face shows (hat the blanches of Die piil 
nion.ir\ aitenes st.ind open 'lhi*i(> aie no othei ijipaient abnoi nullities 

'J he heal t IS ACM \ huge bioad and » iii loiish bliinl looking (Fig 2), le-einblmg 
111 shape a tin ties he.iit 'J he a]u\ is madi* u]) cnliKdA of left Acntucle Ihe 
walls of the left Acnliicle aic giiath tliickeiu'd ineasuiing 20 nun neai the bi&e 
A less thick aica is pilpated ne.ii tiie ap(\ 'Ihe a\ ills of the light Aeiitiiele, 
aaIucIi occupies onl\ the ujipci and light side of (he hc.iit aic also much thick- 
ened J he\ ineasuic at ])oints neai (he bise a to l> nun Both auiicles aic also 
thickened J ho iiitei \enti iciilai sepliiiii nieisuies fioiii 10 to 12 nun The caiitA 
of the left Aentiiclc is guMth enhiiged 'Jhe ollii'i caAities of the hi ut aie ibout 
noinial in si/e 'Jhe foianien o\ale is clo-ed Jhe am iciiloAentiiculai ojieiungs 
are normal in sj/i* Both aoi tic ojienings of the luMit aie also noniial in si/e 
All the aoitic and imti il and tiicus|)id ahIacs aii* nonnal e\cc])t that the\ 
appeal stioiigci and heai lei than noimal 'Jhis is i&jitcialh tine of (he initial 
leitlets 'Jhe coionaiA aiteiies aie (liickeiied but show no patches 'Jhe sA«toimc 
and piilnionaiA aoita aie bud open bi a cut hi ginning fioni a jioint on the acii 
tricles about .1 cm below the luoiith ot tin coionaiA alien and exlending iijiwaid 
to a point fai enough to expose the mouths of Dm teen inteico-tal luteiies inside 
the aoita J lie ciicuinfeicnce of the aoitic oi ihce when laid ojicn mcasuios J o cm , 
that of Die pulmon.in 4 2 cm 'Jhe beginiiinu .loita pist aboAc the aoitic oiifice 
foims a jaige bulbous dilatation 'Jhe intinii in Dus legion is smooth but the Aes 
&el w ill IS of a dilluse slighth Aellowisli eoloi At the widest put the Acssel laid 
open measiiies 5 8 cm 'Tiieie is i smiilai bulbous dilatation at the beginning pul- 
monaiA aoita, AAith siniilai Acllowish coloi ition of tlie walls but aaiDi glistening 
intinia 'Ilus dilititioii is not so laige as that of the sAsteniic aoita It 
measiiies hid open, 5 4 cm in the widest pait At i point jint ojiposite the 
legion AAheie the aiteiial ligament iioimilh comes oil fioni the sAfeteniic aoita 
theie IS a second widening of its lumen into ui oial bulbous dilatation 'ibis 
bulb IS smallei than eithci of the otliei two Its w ill measuies 5 cm in Aiidtli 
when laid open 'llieie is no nai lowing of the aoiti bcAond the legioii of the 
ductus 'Ihe iiitima is smooth and glistening 'ihe AC-sel wall has a slighth 
AelloAA'ish color Coming off fioni this dilatation and connecting it A\ith the pul 
monaiy aoita is the AAideh piteiit duct of Botal (Fig 2) 'Jhis duct is itself 
AAidely dilated at the aoitic end and iiaiiows giadiialh' till just at the piilmonaiA 
opening aaIicic it naiiows abiupth 'Ihe duct is theiefoie funnel shaped with 
the AAide end opening into the aoita and the naiiow end opening into the pul 
monaiA aoita Its aoitic opening is about 14 mm in diametei (It cannot 
acciirateh be detei mined, foi it nieiges at Die distal side into tlie wall of the 
aorta AAithout anj line of demai cation ) Laid open it measiiies 43 mni 'Ihe 
pulmonaiy opening foims a smooth eleiatcd nng appaienth' composed of thick 
ened intinia This ring is sunounded bi in eleiation aaIucIi ippeais to foini a 
no/zle like ostium 'Ihe pulinonaiA opening which is almost a peifect ciiele, is 
4 5 to 5 mm in diametei 'Ihe length of the duct itself is about 20 mm 
The AA'liole effect is that the duct itself foims a lathei bulbous, pouch like, funnel 
shaped tube which oiigmites fiom the aoita with a A'eiA wide mouth, almost as 
AAide as the noimal aoita itself, and opens into the piilinonaiA' aoita aa'iDi a much 
smaller mouth The effect of the opening at the aoita is to leaA'e at the pioximal 
(neaiest the lieait) maigin a shaip edge in the blood stieain The puInionaiA' 
opening is almost half the diametei of the nonnal pulmonaiA' aoita itself This 
patent duct of Botal is connected at an angle of about 40 degiees AAitli the 
sjstemic and piilmonaiA" aoita; 

Aftei the aiitopsA' and befoie placing the specimen in pieseiAung fluid the 
contiiiuitA of the lieait and gieat Aessels and ductus aiteiiosus was lestoied bA 
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suturing ■vvitli fine silk I wish at this point to thank Prof C C Guthiie foi the 
accomplishment of this task I then made the drawing which is intended to 
give an impiession of the appearance of the heart and great vessels with lungs 
attached, all parts being made true to scale as measured at this time The draw- 
ing Inch IS published heie (Fig 2) is a copy made later from this measured 
drawing, togethei with the preseived specimen 

HISTOLOGICAL EEPOET 

Tissues weie fixed in Zenkei’s fluid, embedded in celloidm, and stained with 
hematoxylin and eosin, and also with oiein The histological findings are remaik- 
able principally on account of the absence of many marked abnormalities which 
might have been suspected 

The heait showed nothing abnormal The blanches of the pulmonary were 
large and heavy wmlled, but show^ed no inequalities in the thickness of the differ- 
ent lasers in different aics of the circumference nor any patches nor fatty 
changes The elastic tissue w'as normal in amount and appearance In many 
areas the lungs showed thick -walled alveoli The blood vessels were prominent 
and the capillaries were ovei -filled with blood The capillaries in places bulged 
out into the lumen of the alveoli, forming bud-like projections The lungs con- 
tained a laige amount of pigment as is usual m dogs in Pittsburgh Elastic 
tissue w\as present in fully the noimal amount There wmie no Se) sfehlerzellen 
or other evidence of ehionic passive congestion of the lungs Scattered through- 
out the section w'eie many areas showing enlarged nodular masses of plain muscle 
surrounding the bronchioles There was an exudation in the bronchi, and some 
areas of emphysema and atelectasis 

The spleen showed a large propoition of trabecular tissue with the Malpighian 
bodies inegulai in size and distiibution The blood-vessels of the spleen were 
someuhat sclerotic There w'ere also cells bearing golden-brown pigment The 
capsule was wiinkled The poital blanches in the liver were distended The 
blood capillaiies were well filled, but not to the point of congestion The livei- 
cells W’ere normal except for very slight fatty changes 

The kidneys w'ere noimal except foi a slight ineiease in inteistitial connective 
tissue 

The lungs weie in veiy good condition except the exudate into the bronchi and 
the patches of emphysema, which weie no doubt due to the long-continued posi- 
tive artificial respiration, and also except some thickening of the branches of the 
pulmonary arteiies, and areas of bud-like dilatation of the capillaries, together 
with many enlarged nodules of plain muscle suiiounding the terminal bronchioles 
and with some thickening of the alveolai walls 

There was chronic passive congestion of the spleen which had pieviously been 
greatei than it was at the time of autopsy 

DISCUSSION OP LITEKATUKE 

Pievious to the lecent complete review of the literature and discussion 
of the present status of our knowledge of the whole subject by H. Gideon 
Wells, ^ there w’as no adequate treatment of this matter in English, but 
his article renders unnecessary any extensive review or discussion of 
literature at this time 

Also there is a splendid article by Goodman- dealing especially with 
the svTnptoms and physical signs, and contammg a bibliography 

1 Wells, H Gideon Peisistent Patency of the Ductus Arteriosus Botalli, 
Am Joui Med Sc, 1908 (136), 381 

2 Goodman, Edward H Report of a Case of Patent Ductus Arteriosus 
Botalli, with a Study of the Cases Heretofore Published, IJniv of Penn ]\Ied 
Bull Phila , 1910, xxiii 509 
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The occiiirence of simple primai'^ patenc} of the ductus artciiosus 
Botalli in man is vci} lare, especialh if simple piimai} patencj is imdei- 
stood to include only those caces in uliich the ductus is open foi the 
transmission of blood uilhout anj otlicr oiei=5liado\\ing congenital abnoi- 
maliti, such as stenosis of the pulmonaiy aoila Wells lepoits in the 
entire liteiatiiro onl'^ foit^-ono cases, in onl^ twenti of uhich the patients 
leaclied adult life I liaie found in Ihe liteiatuio at iii'i command, one 
instance of the condition in the dog ^ In aquatic inammals the ductus 
arteriosus norinall-^ lemaiii'j patent foi some time after biith but an open 
canal in the adult is regaided as pathologic Foi example, peisi^'tent 
patency has been observed in the seal “ 

As Wells points out \u<h lefeiencc to man «o is it uitii laboiafon 
animals, that if caieful sistcmatic '^eaich ueie made at autops'^, inoie 
instances would undoubted!} be found 

It IS piobable that in ‘Simple piimaiy patency, such a uideh patent 
ductus arteiiosus as the one iindei obsei ration occuis onl} cxtiemel} 
rarely 

Lienaux^ observed a case of peisistencc of the duet of Botal m a little 
dog 5 01 6 months of age, brought to him foi tieatnient because it was 
weak and refused food The little dog shoved a I'leqiient cough with 
no expectoiation, lapid lespiiation vith audible lough sound There was 
an inci eased dulness oiei the region of the heait Palpation gaie a 
fieimtus catane, or a thrill lesemblmg the jiniiing of a cat, which vas 
marked both on the riglit and the left sides Theie vas a inuiniiu which 
was of maximal intensity ovei the anteiioi part of the heait The femoial 
pulse was strong The jugular pulse vas maiked, and coincided vith 
the ventiicular systole Tempeiature 40 1 C The dog died two dais 
later 

The autopsy showed the left ventiicle much enlarged and thickened 
The pulmonary oiifice was insuJBScient to the vatei test The total volume 
of the heart was much inci eased The duct of Botal was patent and vas 
about the size of the pulmonary aorta, and the walls of the patent duct 
were thicker and more rigid than those of the pulmonaiy aoita The 
beginning systemic aorta was enlarged as fai up as the place wheie the 
duct of Botal branched off This aneuiysmal part had thin iigid vails 
The trachea was compressed bj^ the aneuiysm, which accounts foi the 
rough breathing 

Dr Kate Campbell Mead® has lepoited a case of persistent patenci 
of the duct of Botal in an adult woman Although the patient had been 

3 lammes and Mandonl Sui la persistance du canal aitguel cliez le plioqiie, 
Bull de la Soc d’liist nat de Toulouse, 1905, xxxviii, 3 

4 Lifinaii^:, E Un cas de persislance du canal aitgriel chez le chien, Ann de 
m6d v6t, 1898, xlvii, 416 

5 Mead, Kate Campbell Persistent Patency of the Ductus Arteriosus, Jour 
Am Med Assn , 1910, Iv, 2205 
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troubled witli heart symptoms since childhood, she reached adult life 
and mairied and went through pregnancy in very fair condition 

Thayer’s examination of the patient showed a long machinery murmur 
over the light ventricle with systolic accentuation, and with accentuation 
of the second pulmonic The loudness of the murmur high up suggested 
to him persistent patency of the duct of Botal Later the patient showed 
more aggravated circulatory symptoms with laryngeal cough, edema, 
meteorism, and scanty urine — leading to coma, and finally very suddenly 
to death 

Autopsy showed the heait ruptured in three places in the right 
ventricle, with sclerosis of the coronaiies and fatty degeneration of the 
myocardium The heart was greatly enlarged, especially in the light 
ventricle The heait weighed 395 gm (IsToimal about 250 gm ) All 
cavities of the heart were enlaiged and the walls thickened The walls 
of the right ventricle especially were thickened, being almost as thick as 
those of the left ventricle which were also thicker than normal The duct 
of Botal was patent It was funnel shaped with the laige end 1 cm in 
width opening into the systemic aorta, and the small end about 4 mm 
in diameter opening into the pulmonary aoita, and forming a rmg-like 
ostium of the thickened intima of the pulmonary aoita 

In this case it seems that the peisistent patency o£ the duct of Botal 
bi ought on a higher piessure in the pulmonary aitery, which eventually 
led to hypertrophy of the right ventricle with sclerosis of the coronaries 
of that part of the heart This condition finally led to fatty degeneration 
which resulted in weakening of the myocaidium and rupture of the heart, 
which was the immediate cause of death of the patient 

DISCUSSION OF THE PRESENT CASE 

Although there was a profound alteration in the circulatory apparatus 
in the dog concerned in this repoit, j'^et there vas no change in the health 
or general well-being The dog was in fine health and vigor, and well 
nourished There was no blueness of the mucous membranes There was 
a heightened blood-pressure with aihythmia of the cardiac beat Another 
noticeable change of the ciiculation was the relation of lespiiatory move- 
ments to blood-piessuie change ° 

6 It IS to be leinembeied that noimally in the dog the blood-piessure rises 
during inspiration and falls during expiiation, except the change is slightly 
later than the change in respiratoiy movement, that is, the blood-pressure con- 
tinues to use foi a short time aftei inspiration has ceased, and it continues to 
fall for a slioit time aftei expiration has ceased It is known that this relation- 
ship between blood-pi'essure and respiiatoiy movements is not the same in all 
''pecies of animals nor even in the same species under all conditions, for it is a 
^ery complex relationship which is dependent on several factois which vary with 
the rapidity, depth of lespiratory moyements, size of animal, and with the pie- 
ponderance of costal oi abdominal respiration Lewis Thomas Fuither Adyances 
in Physiology, N Y ld09 p 144 
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In this dog the usual condition Mas leveised Inspiiation M^as 530- 
chionoiis Math a fall mIiiIc e\j)iialion Mas s3nc]iionous with a rise in 
blood-pressure The explanation of this is piobably that duiing inspira- 
tion M'hile the lungs expanded, the blood fiom the aorta poured over into 
them Tins diam on the aoila caused a fall in blood-pie'=suie Then 
duiing expiiation the lolume of the blood-iessels of the lungs was 
deci eased so that the blood M^as squeezed out of them This M'oiild leave 
the pulmonai^' circuit tilled so that less blood could escape acioss fiom 
the aoita thiougli the ductus aitenosus into the pulmonar}’ aorta Because 
the diain on the aoita ivas diminished, the blood-piessuie would naturalh 
use in the S3stemic ciicuit Also it is piobable that during inspiration 
as the lungs Meie ex'panding less blood Mas thioMm out of them into the 
left auiicle This Mould lessen the amount thioMui out into the aorta 
and duiing expiration the compres'^ion of the lungs Mould dischaige a 
laiger volume of blood into the left auiicle which Mould be immediately 
east out into the aoita and would laise the blood-piessuie It acted, 
accoiding to this conception, as the establishment of a shoit circuit in 
the aorta durmg inspiration and Mith an interiuption of the short ciicuit 
during expiiation 

The abrupt changes of piessuie on the heait coupled Mith the abrupt 
changes in the volume of blood coming to the heart aie piobably' associ- 
ated yvith the arhytlimia of pulse The sudden fall in pi assure in the 
aoita at the same time yvith a sudden deciease in the amount of blood 
coming into the heait from the lungs yiould be sufficient to account foi 
the omission of beats Mdiich yyms noticed above 

The mixing of aitifieial and venous blood here must liave been ven 
considerable, but m as not such as to cause marked blueness of the mucosa 
Of course blueness of the skin is not so easily lecogmzed in the dog as 
in man But blueness w'ould not be expected in this case, because the 
mixing, in all probability, consisted only in adding aortic arterial blood 
to venous blood of the pulmonary aitery', and not mcc veisa^ foi the mini- 
mum aortic piessuie leeoided in our tracings nevei closely approached 
that of normal pulmonary arterial pressure Direct measurements of the 
pulmonary' arterial blood-pressure ivere not made in this case, but judging 
by the records obtained from the caiotid wdiich may be considered as 
giving an index of the systemic aortic pressure, and also by the compara- 
tive size of the tv'O ventricles, and since the ventricles appeared to beat 
synchronously', there is no evidence that the right intraventricular pres- 
sure ever overtopped that of the left 

The high blood-pressure of this dog is not necessarily a matter for 
great w'onderment, for it is not uncommon to find in lust}', vigorous dogs 
under an anesthetic a blood-pressure considerably above the average, 
furthermore, it is well Imown that the vascular mechanisin is endoM'ed 
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with gieat poweis of compensation, and yet the pressure recorded is 
somewhat higher than the average observed nnder snch conditions of 
anesthesia However, high blood-pressure is often associated with per- 
sistent patency of the duct of Botal, especially where compensation has 
occurred 

The principal feature of pathological interest in this case is the patent 
duct of Botal , and scarcely less important are the changes in the organs 
found associated with this peisistent patency Birst of these may be men- 
tioned the bulbous dilatation of the beginning aortas and the duct itself 
These dilatations may have been caused by the impact of the rebound of 
tire column of blood brought about by the sharp changes in blood-pressure 
The stretching may also have been favored by the heightening of the 
general blood-pressure As to the presence of sclerosis in the vessels it 
may be said that there are no very profound changes The arteries appear 
slightly thickened and stand open when cut, and even show slightly 
yellowish color in tl^e aneurysmal parts, but there is no atheroma nor 
roughness of the intimal surfaces Microscopically they show some thiek- 
emng of the walls, but no irregularities in thickness in the different parts 
of the circumference 

The curiously blunted turtle-heart form of this heart was apparently 
due to compensatory changes The heart as a whole was considerably 
larger and heavier than the normal This hypertrophy was enormous in 
the left ventricle The left ventricle occupied the whole of the apex and 
extended far up on the right side of the heart The right ventricle also 
was hypertrophied The walls of both ventricles were thickened, but 
the cavities were about normal in size This peculiar turtle-heart form 
was apparently due to the compensatory hypertrophy in response to the 
increased work thrown on the left ventricle, for in addition to its own 
natural work, it had to pump a large amount of blood through the lungs 
This in turn tended to heighten the pressure in the pulmonary artery 
which would offei increased resistance to the emptying of the light ven- 
tricle, and in that way would induce hypei trophy of that ventricle All 
the blood which was short-circuited from the aorta to the pulmonary 
artery would come back to the left side of the heart and have to pass 
again through the left auricle This additional work is sufficient to 
account for the hypertrophy of this part of the heart The increased 
resistance to the emptying of the right ventricle offered by the high pres- 
sure in the pulmonary artery could well be the cause of more or less dam- 
ming back of blood into the right auricle such as might cause compensa- 
tory hj^ertiophy of this part of the heart Owing to this, all four cham- 
bers of tlie heart were put to additional work, which resulted in compen- 
satorv hypertrophy, which was most marked in the left ventricle where 
the additional work was heaviest 
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ARCmVE^ OF IFTEmAL MEDICINE 


T]ie Mliole pathological condition of this animal is that of a widelj 
patent duct of Botal which acted as a shoit circuit in the aortic circula- 
tion, but which uas so uell compensated that theie resulted no serious 
impaiiment of the geneial health oi comfoit of the animal This agrees 
with the findings of otheis on man that the piognosis m peisistent 
patenci of the duct of Botal is good Therefoie an effoit should alwais 
be made to diffeientiate belueen aneurysm and patent duct of Botal on 
account of the diffeience in piognosis Fioni oui expciience with this 
aHiinal it would seem that when necessai}'- to administer an anesthetic to 
a patient with compensated patent duct, theie need be no extraoi dinar} 
piecautions, foi this dog shoued e\en moie than usual resistance to the 
effects of ethei 
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It IS now quite generally lecognizecl that ceitain substances when 
dissolved in a solution in which leukocjdes are suspended, markedly 
affect the ability of these cells to phagocyte The action of some of these 
compounds on phagocvtosis is accelerative , thus, for example, the current 
notion of opsonic effect has for its foundation the idea that the bacteria 
piesent in conjunction with the leukocytes become sensitized oi in some 
way alteied so that the white cells may more leadily engulf them Even 
though we grant the correctness of this claim of Wright and Douglas,’- 
that the opsonms act specifically on the bacteiia and not on the leuko- 
cytes, the exact explanation of the mechanism of the process has never 
been foithcoming There aie, however, many facts which indicate that 
the phagocytic power of the leukocytes on inert suspensions, such as 
charcoal, dead bacteria, etc , can be maikedly influenced in various ways 
It seems somewhat questionable whethei the altered conditions affect the 
suspensions alone, a moie reasonable deduction diawn from physical 
laws would indicate the effect as acting on the whole system of leukocytes, 
solution and suspension Without attempting a general discussion of 
this fundamental phenomenon fiom the physical standpoint, suffice it 
to call to mind the inteiestmg experiments of Rhumbler,” which pointed 
to the probability that unicellular animals such as the ameba — morpho- 
logicalty similar to the leukocytes — perfoim most of their apparent^ 
vital functions meiely as the result of surface-tension phenomena, and 
that many of these so-called vital movements can be duplicated with 
consideiable acciirac}’’ with inert or inanimate substances 

On the othei hand, many facts have been accumulated to prove that 
phagocytosis can be alteied quite considerably by changed environment as 
the lesult of certain substances piesent in solutions in which the leuko- 
cytes aie suspended Thus, Hamburger and Hekma ^ in a series of 

" Tins ^^Olk was camed oat at the Bendei H^glenlc Laboiatoiv, Albanv N Y 
undei a giant fioin the Ameiican Medical Association 

1 Wiight and Douglas Proc Roy Soc 1903 I'^xii, 357, 1904 Ivxiii 128 

2 Rlninihlei Arch f Entwicklungsmech 1898 vii 103 

3 Hamhnigei and Heknia Biocheni Ztschr , 1907 vii 102, 1908, ly, 275 
and 512 
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papers^ ila^e piesented a numbei of eipeiiments \\Incli sllo^^ quite conclu- 
sively that the chaiacter and comjiosition of the medium m which the 
leukocjdes are suspended, maikedly influence the number of phagoc 3 tmg 
uiiite cells Changes in osmotic piessiire and suiface tension of the 
menstruum, biought about by alteiing the sodium chlorid concentiation. 
cause the leukocytes to become much Ic'^s prone to take up bacteria Thus, 
an inciease in sodium chloiid concentiation of the serum fiom 0 9 per 
cent to 1 0 pel cent deci eases the peicentage of phagocyting cells from 
34 6 to 31 84 pel cent A deciease in the osmotic tension of the seium 
brings about like depiessne changes If tlie concentiation is not alteied 
too considerably, the leukocytes legain tlieii phagocjdic power when the 
original osmotic tension is restored Too great alterations cau=e a lasting 
inliibition of phagocytic power Appaientl^ there exists an optimum 
point at which phagocytic powei is maximum, the normal osmotic con- 
centration of the blood supplies this most favorable condition , variations 
in either direction from the optimum points lesuli m a decrease in abilitv 
of the cells to take up bacteria or suspensions 

Various investigators hare consideied the question of the effect of 
quinm hydrochloiid on phagocytosis When the substance is given inter- 
nally or added to the serum m vitio, the effect is distinctly inhibitor} 
In Hamburgei and Hekma’s work, the lesult was a decrease m the 
number of phagocytic cells After the administration of 1 gm of quinin, 
this substance must be contained in the blood in amounts approximating 
0 01 per cent , while 0 001 per cent m viii o suffices to decrease the phago- 
C}i:osis Manwaring and Euh ^ wmiking with the same substance found 
a slight increase in phagocytosis at 0 005 pei cent , but with increased 
concentration, a deciease occurred Hamburgei and Helona^ tested other 
substances such as hemoglobin and niea up to 3 per cent strength with 
negative results Sodium citrate in a concentration of 1 part to 27 parts 
solution was markedly deleterious Manwmiing and Kuh^ also tiied the 
effect of certain antiseptics, then lesults pointed to a slight beneficial 
effect at low percentages for mercuric chloiid (1/130) and bone acid 
O-Vz)} hut wath higher concentiation inhibition of phagocytosis occuiied 
When one examines the immense literature covering all phases of the 
opsonic theory, it appears remarkable how little expeiimental work has 
been done to elucidate with scientific accuracy, from the chemical and 
physical standpoints, the exact mechanism of the supposed opsonizins 
power which substances in the blood exert on the bacteria On an insuf- 
ficient foundation of facts has been built a superstructuie of expeiimental 
work which is enormous and has covered almost all branches of clinical 
medicine It could only be expected, tlieiefore, that it soon became deal 
that the application of the technic foi the deteimination of the opsonic 


4 Manwaring and Kiili Jom B'vper Med , 1907, ix, 473 
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index as elucidated by Wiiglit, even in the hands of skilled manipulatois, 
gave lesnlts which weie fai fiom satisfactory and not in complete con- 
foimity to the claims of the discoverei The noimal vaiiations in the 
opsonic index indicated such great vaiiations that only in ceitam specific 
infections can it be employed as an index of increased phagocytic powei 
as the lesnlt of vaccine theiapy 

Fioni the physico-chemical standpoint, appaiently few attempts have 
been made to reach the cause for the wide vaiiations in the opsonic index 
of noimal persons All energy has been diieeted towaid peifecting the 
bactei lological technic in the hope that such vaiiations iveie the lesiilt 
of faulty manipnlations, although it has long been noticed that eeitain 
geneial conditions of the patients, such as the amount of exeicise must 
be held constant in ordei that the index might not show too gicat contiol 
vaiiations 

A few of the facts outlined above seem to indicate that othei factois 
besides those of the presence of opsonizing substances (opsonins) infln- 
ence to as great,, if not to a gieatei, degiee the ability of the white cells 
to engulf bactei la 

In the attempt to deteimine some of these factois concerned in 
the vaiiabilitj of the opsonic index, the following expeiiments neie 
conducted It seemed plausible, if not probable, that a poition of the 
so-called noimal vaiiations in the opsonic index might be asciibed to 
simple and noimal changes in the physical chaiacter of the blood In 
oidei to elucidate this point, noimal dogs weie kept nndei constant 
conditions of diet, tempeiatnre, etc , the specific giavit}, moleculai and 
ionic concentiation, electiol3dic conductivit}’' and viscosity of then blood 
were deteiinmed daily and compaied with the opsonic index and vith the 
led and white blood (total and diffeiential) counts 

DESCRIPTION OF THE MEIHOD AND VPPARATUS 

1 Ihe specific giavilv Aias deteiniiiiecl by the piknometei 

2 The depiession of the fiee/ing point- nas caiiied out by means of the usual 
Beckmann theimonietei aiiaiiged foi use with gaseous CO2 as a fiee/ing mixtuie 
accoiding to the accoinpanying diagiam (Fig 1 ) Ihe main theimonietei u as held 
111 a wide test-tube by a coik, on the side of which against the glass was cut a 
V shajicd sht to allow the passage of a heavA platinvim wii e , the lou ei end of 
this was bent 111 shape to enciicle the bulb of the theimometei Ihe blood on 
which the deteimiiiation wvis to be made w'as placed in this test-tube 111 quantities 
sufficient to covei the bulb of the theimometei and the fiuid kept well 111 motion 
bj the upand-down moienient of the platinum stiiiei This was accomplished 
b^ attaching the wiie to a peg on a wheel 1 evolved by a watei niotoi The test 
tube containing the blood was inseited bj a coik into a laigei test-tube selling as 
an aii-chambei In this coik a hole was boied to caii'v a theimometei leading 
fioiii -f 40 to — 2 fi C The laigei test-tube was 111 tiiin inseited into a laige coik 
pai ifiineci into the base of a bottle, the bottom of which had been icmoied foi the 
pill pose Ihe neck of this bottle ln^elted was placed on the fiec/ing miciolome 

5 "J ho depiession of the fiee/ing point will be lefeiied to b^ the lettei A 
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3 Seclinientation A\as pievenlod b}' fastening abo\e tlie bnlb of the thei 
niometei, in tlic Mscosiinelci piopei, a ciiculai Asooden plate miUi a hole in tlio 
centei, tliiough Mbicb parsed the thcnnoinctci 'J his plate earned foui metal 
^Mllgs piojecting dowiniaid about the bulb and mIiosc flat sides \icie ladial to the 
long avis of the bulb and hence to the viseosinietei tube B\ the lotation of the 
tliei nioinetei aiound its long axis a thoiough agitation of the blood could he 
bi ought about and sediiiieiitation tbeieba pie\cnled 

4 Since the same capillan tube was cinjiloxcd in all detei niinations, the length 
and diainetei factois in the delei niinations lenmined constant 

5 Ihe tune dining uhich a ceitain amount of blood passed thiough the capil 
laiv, -was ineasuied as follows A inetiononie (Label 8) was ]daecd in a ciiciiit 
with a double time maikci the uppei leiei niaiking one thud seconds on a levoh 
iiig dinni Ihiee small glass tubes — one the bottle of a 10 c( inknoinetei — weie 
set in holes centeied to the capillaii of the Msfosmietei which piojected at (Label 
10) about 1 nun thiough the lubbei stoppei in the neck of the hell jai these 



holes w'eie boied out of a piece of wood movable fiom light to left oi vice leisa 
m a tiack This piece of w'ood cai lying the bottles could be iiioied bj' a wooden 
handle pivoted as seen pist to the left of Label 11 Each end of the sliding 
wooden earner w^ns piovided wntli copper binding posts wdiich made connection 
with similar posts at eitliei end of the tiack Wiies led to the batteiy fiom these 
binding posts, completed a ciiciiit wdien the wooden caiiiei was moved to the end 
of the tiack in eitliei diiection In this double circuit was placed the low^ei 
time maikei in such a wmy that when the w'ooden caniei wms shoved eithei com 
pletelj' to the light oi to the left, the time of connection w'as indicated on the 
dium When the earner w'as at eithei end of the tiack, the capillaiy tube was 
centeied ovei the light oi left bottle The centei tube seived as x leseixoii foi 
the diops of blood leaving the capillaiy befoie oi aftei the use of the appaiatus 
the two outei small glass tubes w'eie taied befoie being placed in the cniiiei 
Ihe pioceduie foi making the duplicate detei niinations w'as as follows The 
level of the x. atei having been loweied to below' the top of the viscosimetei piopei 
the stoppei w is lemoxed The defibrinated blood at a tempeiatuie of 39 C was 
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stiamed tliiougli gauze into the viscosimetei which had pieviously been iinsed 
with the blood The stoppei was replaced tightly and the level of the water in 
the bath raised above it By means of the wings on the theimometei the blood 
was stiired until the tempeiatuie of the bath and of the blood both became con- 
stant at 37 C Aftei some piaetice, this could be brought about in a few minutes 
With the stop cocks closed, the pressure was then raised to 120 mm Hg by the 
mechanism of the two flasks (2 and 4) as described above The metionome and 
drum weie started, and aftei some 10 or 15 drops had fallen into the centei bottle 
the earner was quickly shoved to the light, connection being made and registered 
on the drum at the exact instant that the first diop fell into the weighing bottle 
The blood diopped rapidly but not in a stieam The only possible eiioi in manipu- 
lative pioeeduie occuried at this point'' 

At the end of the deteiminations the cairier was quickly moved so that the 
blood dropped into the center drip-bottle, connection was then broken and indi- 
cated on the dium The earner was then shoved in the opposite diiection to the 
left, bringing the othei bottle undei the capillaiy and registering the time on the 
drum The duplicate deteimination was completed as above At this time the 
lower tiacing on the drum indicated the points when the first and the last diop 
had entered the receiving bottle, while the upper tiacing, showing one-third second 
inteivals allowed of the calculation of the time between these two points, or the 
time which the given weight of blood requiied in passing thiough the capillaiy 
The two tared bottles containing the blood having been weighed, the volume was 
calculated from the specific gravity The flow pel second (viscosity) was then 
determined as the lesult of dividing the knovm volume by the time (seconds) 
consumed by this volume in dropping from the capillary of the viscosimeter 

OPSONIC TECHNIC 

Blood, about 1 c c , obtained from the jugular vein of the animal undei observa- 
tion, was collected and centrifuged in a 6 cc tube, about 0 5 cc obtained fiom 
punctuie of an ear-vein of the control animal was collected in Wright’s bent 
capillaiy tube and also centrifuged, about 1 cc of blood of the control animal 
from a freely bleeding puncture was dropped into a centiifuge tube containing 
0 85 pel cent sodium chlorid and 1 per cent sodium citrate, mixing thoroughly 
duiing collection by inverting the tube after each drop and being caieful that 
the diop in entering the tube should not touch the glass This mixture was 
centiifuged for five minutes, then the supeinatent fluid was poured off and again 
centiifuged in 0 85 pei cent sodium chloiid after shaking This washing was 
repeated once Even bacterial emulsions were prepared fiom twenty-f oui -hour 
slant agai giowths, by the addition of one loop-full of growth to 1 cc of 085 
per cent sodium chloiid and the emulsion given a few ivhirls in the centrifuge to 
throw down clumps of bacteiia The translucent uppei portion was skimmed off 
with a pipette, mixed in a watch-glass and tiansferred to anothei tube for use 
The leukocytic cream was obtained as follows Aftei the final centrifugalization 
of the washed leukocytes was completed, the clear fluid above was carefully 
pipetted off and the visible upper layer, rich in white cells, was skimmed from 
the surface of the blood at the bottom by a capillary pipette piovided with a 
inedicine-dropper bulb This cream was mixed in a watch-glass in a mannei 

7 The drop of blood leaving the capillary tip and falling into the neck of the 
bottle requires a definite time for tiansit Vaiiations in the position of the diop 
in tiansit, at which the carrier vas moved and electric connection made, would 
intioduce errors into the time-duration factor of the determination In practice 
the carrier was always moved to the right or left just as the last diop had dis- 
appeared into the neck of the center drip-bottle It was returned to the center 
just as the last diop had fallen into the weighing-bottle As the same operator 
alwajs pel formed this part of the woik, this erior was reduced to such a degree 
that the duplicates agieed to within 0 5 pei cent, and not infrequently bettei 
lesults than this veie obtained 
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similar to that of the bacterial emulsion and kept in a small tube foi use Opson- 
izing pipettes, according to Wiight’s technic, were prepared and into each Mere 
diaivn equal parts of the washed leukocytes, bacterial emulsion and serum, in the 
ordei named The contents were hloivn out into a small ivatch glass, sucked back 
and foith five times, then diaivn up into the tubes about 5 cm fioni the tip, the 
end sealed in the flame and the whole incubated exactly fifteen minutes in the spe- 
cial oven oidinarily employed foi this puipose At the end of this time the pipette 
was lemoved and the laige end capped with a peiforated i libber bulb, the sealed 
end was then bioken by file maik and the contents of the tube expelled on the 
ivatch -glass and mixed by altei natel 5 ’^ diauing m and out of the fluid One diop 
of the mixtuie Mas spiead on a glass slide in a similai M’aj* as for an ordinal ^ 
blood smeai and then stained Mitli Wiight’s stain The count Mas made Mith 
1/12 Leitz oil immeision, counting 50 cells 

CEITICISjM of the method employed roil THE OPSOXIC DETER JII- 
XATIOX, FEOj\I the CHEIMICAL AXD PHYSICAL STANDPOINT 

The Wright method has as its foundation the view that opsonizing 
substances in solution in the seiuin act on bacteria leiideimg them moie 
liable to capture bj the leukocyte than m the absence of the opsonins 
The phagocytic power of the white cell is consideied to be the same if 
equally active amounts of opsonizing substance and equal numbeis of 
bacteria aie piesent Tins notion neglects the fact that phagoc}tosi= 
as a process is based in a laige part on sui face-tension changes oecuiiing 
in the system of snbstiat (seium) and suspension (bacteria) The ten- 
sion Mdiich exists at the contact surface of leukocyte and scrum, and 
which determines Mdiethei a given suspension shall be atti acted or 
repelled, may be altered bj chemical changes taking place inside tlie cell 
as well as in the seium oi suspension Theiefoie, the chaiacter and 
condition of the leukocyte should be as caiefully conti oiled as its 
enviionment ® 

In the tiist place, the noimal leukocytes emplo-^ed in the deteimi- 
nation aie Mashed Muth 0 85 pei cent sodium chloiid solution containing 
1 per cent sodium citrate The A of such a solution is 0 70° C Ham- 
buigei and Hekma^ have shoMm that Mdiite cells suspended in solutions 
of sodium citrate (from 1 to 2 per cent ) lose their ability to phagoc'^de 
If the concentration is not too great or the sojourn of the leukocjdes in 
tins solution is not piolonged, the cells lecover after lesuspension in 0 80 
pel cent sodium chloiid solution In a latei paper, Helcma'’ indicates 
that leukocytes suspended in a mixture of one pait 0 1 per cent sodium 
eitiate and one pait horse seium are unaffected 

To be sure, the index is a relative comparison of the effect of noinial 
and of test seiums on phagocytosis, and as similarly treated leukocytes 
aie used in both determinations, the effect might be considered to be 
negligible , but there remains the possibility that even the ratio of activitj 
might not be the same if, on the one hand, perfectly normal, and on the 

8 Eggers, H E Jour Infect Dis , 1909, vi, 662 , 

9 Hekma Biochem Ztschr , 1908 xi, 177 
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otliei, iDliagocytically less active leukocytes served as controls m the 
comparison 

In the second place, a grave error exists in the assumption that the 
phagocytosis which takes place in the mixture of normal leukocytes, 
bacterial emulsion and test serum, forms a tiue picture of the phago- 
cytosis which IS occurring in the body from which the test serum was 
piocured This could be true only if the white cells in the patient were 
normal This eironeous idea arises from the notion, previously stated, 
that the leukocytic ability to ingest bacteria is governed entirely from 
without the white cell The whole environment (i e, the physical 
chaiaeter of the blood) of the leukoe3des in the test animal is different 
from that of the controls "When removed from its surroundings and 
compaied with normal cells, the test leukocjde and its phagocytic power 
would undoubtedly vaiy gieatly, even with equal amounts of opsonizing 
substance and bacteria A true index can only be obtained when control 
leukocytes and control serum aie compared with test leukocytes and test 
serum To remove this basic error in the method may entail an increase 
in difficulty of the technic of the determination , but to neglect it leaves 
the method of suspicious value 

Again, since the phagocytic activity of the leukocytes is so decidedly 
affected by changes in the osmotic piessuie of the solution in which they 
aie suspended, it is reasonable to conclude that an examination of their 
activity should be made in the same ionic concentration (depression of 
the freezing-point) as that which exists in the blood to be tested, since 
that IS the condition under which leukocytes are phagocyting in the 
blood of the animal under examination By alteimg the concentration 
of the mixtuie in which the noimal leukocytes are to phagocyte in the 
presence of the serum in vitro, a variable condition is introduced which, 
in all probability, very decidedly influences the resulting phagocytosis 
Usually the mixture which is incubated is made as follows 

1 pait washed leukocytes with a A=0 545°=0 85 per cent NaCl 

1 pait bacterial emulsion with a A=0 545°=0 85 pei cent NaCl 

1 pait test seium Avith unknown A=Human blood aveiages 0 56° 

Mixtui e=unkno'\vn A = ’ 

Fiom such consideiations it becomes evident that phagocytosis in the 
test mixtuie does not take place under the same osmotic conditions as 
aie present in the test serum in vitio, with the single exception when the 
A foi the test serum equals that of an 0 85 per cent UaCl This fact acts 
in vaiious way^s to lender the results of the opsonic index test inconstant 
Yaiiations in the osmotic concentration of the blood to be tested 
aie 1 educed by one-third in the pieparation of the test mixture for 
phagocytosis This is an advantage if we consider that the conditions of 
technic should be as constant as possible from the standpoint of ionic 
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Fig 3 — Experiment 1 Dog A 








CG AliOniTUS OF IFTEli^'AL MEDICIKE 

concenti ation It acts as a dislmet dlsad^ antage, llo^^e^er, in any 
endeavor to obtain the tiue eftects of the osmotic concentration of 
the Wood on ilie pbagoc^iing poivei of the leukocytes 

On the one hand, therefore this lediiction of osmotic ^allatlon 
in the test acts to make the index moic legulai and constant, "while on 
the other hand, marked changes aie so veiled that the} nia} appeal as 
unexplainable vaiiations 

With these points in mcv, an attempt vas made to can} out the 
testing of the opsonic index in a mixtuie of baeteiia, vliite cells and 
serum undei the exact osmotic concentration of the experimental blood 
or serum Hence aftei tlie dcteiniination of the A of the blood the 
sodium chlorid-citrate mixtuie emp]o}ed foi the leukoc}tic cieani and 
the sodium chloiid solution used in the bacillai emuhion weie both made 
of the same ionic concenti ation 

We could then be positive that the contiol vhite cells veie acting 
under the same osmotic conditions viijo as ueie the uhite cells in the 
body of the animal lioni vliicli the blood vas diavn for testing This 
pioceduie was earned out in all the experiments except in Expenment 1, 
Dog A. We did not attempt to lemove, control oi deteimine the effect 
of the citrate solution on tlie rclatne phagoevtosn 

ouTLixr or nxrrRiMEXT 

The animals emplo}ed veie dogs kept in light loomy cages on a 
strictly rigid and fixed diet with a definite volume (500 c c ) of inter 
per diem Tlie tempeiature of the room and the amount of exeicise veie 
also constant factorc About 20 ec of blood veie dra'wn daily at the 
same houi from the external }ugular vein, by aseptic aspiration thiougli 
the skin The blood was immediately placed in a small (25 e c ) fat- 
extraction flask provided with a lubber stopper through which parsed a 
wire coiled in the flask By this means the blood was defibrinated v ithout 
coming into contact with much an According to Hamliurger when 
blood IS allowed to clot in tins manner the defibrinated blood and the 
whole blood from which it came show no difference in the depiession of 
their freezing-points Aftei defibrination the temperature was laised to 
39 C when the blood vas strained througli absolutely clean gauze into 
the receptacle of the viscosimeter, and "two duplicate determinations of its 
viscosity made as outlined above This was completed in fiom ten to 
fifteen minutes after the withdrawal of blood from the animal As has 
been stated in the description of the viscosimeter, the blood eniplo} ed in 
the determination dripped into a flask belonging to a 10 c c pyknometei 
After the weight of this for the viscosity determination had been com- 
pleted, the flask was filled with the defibrinated blood, the giound-glass 


10 Hamburger Osmotiscber Druck und lonenlebre, i, 453 
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theimoioeter introduced and tlie specific gravity determination made 
in the usual way Meanwhile, part of the original defibrinated blood 
had been placed in the conductivity cell and allowed to cool down to 
20 C at which temperature four leadings weie made at four different 
lesistances by the authors separately The greatest variation in the 
leadings averaged 0 5 mm The electrical conductivity deteiminations 
vcie complete within thirty minutes after withdrawal of blood Finally, 
the depression of the freezing-point was made in the way previously 
desciibed Forty minutes, and not infrequently thirty minutes, sufficed 
to covei the time which elapsed between the withdrawal of the blood and 
the completion of all the determinations The blood for the red, white, 
and diffeiential counts and for opsonic work was taken at the time of the 
aspiration of the blood from the ]ugulai vein The blood was counted bv 
the Thoma-Zeiss apparatus and the differential made with Wright’s stain 
Hemoglobin was determined by the Sahli hemoglobinometer 

DESCRIPTIOiSr OP THE CHANGES OCCURRING DURING THE EXPERIMENTS 

The technic of all the expeiinients was cained out as pieviously outlined 

Experiment 1, Dog A (Table 1 and Fig 3) was in the natuie of a control and 
lan foi seven daj^s Although the temperature diet, fluid and general condition 
of the animal weie kept as constant as possible, it will be seen that somewhat 
gieat laiiations occuired in certain of the individual factois 

The lesults indicate the following 

Specific G 1 av^ty — The figures are incomplete and give only the last foui days 
of the peiiod They show, howevei, that this factoi was faiily constant during 
the last of the expeiiment 

Electucal ConducUmty — This factoi giadually inci eased at the beginning of 
the peiiod The last foui days aie constant and within the limit of experi- 
mental eiioi 

Yiscosity — This value showed a deciease*^ (see Fig 3) continuing through 
the fiist tliiee days, during which time the viscosity vaiied inversely with the 
electucal conductivity This variation is probably to be explained by changes 
in the numbei of led cells The foui last days are constant and agiee ivith the 
electucal conductivity and specific gravity 

Depiesston of Freezing-Point — The figuies heie aie somewhat variable for 
the whole peiiod The vaiiations, howevei, aie apparently within the normal 
limits foi the dog 

Red Cells — The counts foi the first thiee days weie somewhat higliei than 
foi the last thiee, when they became constant This agrees with the figures foi the 
viscosity, the smaller the number of red cells the less the viscosity 

Hemoglobin figuies were high the fiist three days and low the last thiee — 
coi responding to the red-count 

LeiiLocytes — ^Duiing the whole period of this control experiment, the number 
of Avhite cells vas constantly using 

Opsonic index was low the first day, after that it was fairly constant 

The diffeiential count indicated no changes except at the end of the peiiod 
when theie appealed a few normoblasts 


11 The figuies indicate Aolume flou pei second and therefore inciease as the 
viscosity deci eases 
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Fig 5 — ^Experiment 3 Dog B 
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ExPEBisrENT 2 (Dog B, Table 2 and Fig 4) continued for ten days — the first 
seven (April 29 to May 5, inclusi\e) being a duplicate of Expenment 1 

The first seven control days m this experiment agreed in all essential details 
with those of the pievious one 

The A lemained quite constant, the specific gravity and electrical conductivity 
indicated slight normal variations, uhicli, however, paralleled each other 

The viscositj' tended to decrease somewhat, and this occurred in spite of the 
constancy of the red count, the white cells decreased at first, only to rise again 
toward the end 

Tlie leukocytes remained constant also after the first days, when they were 
increased 

The opsonic index sufTered ceitain variations which were sufficiently slight 
however, to serve as excellent controls for the following three dn3^s 

May 6, at 10 a m , the animal was given 500 cc of water by stomach-tube 
and blood was withdrawn! at 2 p m The examination of tins indicated marked 
changes from the normal, the specific gravity. A, and viscosity had decreased 
and the electrical conductivuty had inci cased The red count and the opsonic 
index both fell The other factors remained constant 

The next two days (May 7 and 8) at 10 a m , the animal received 125 cc of 
half-saturated magnesium sulphate solution and the blood w’as withdrawn at the 
usual time On the 7th, the factors of the blood had tended to resume their nor 
mal levels The A was somewhat increased above normal, however, hut the elec- 
trical conductivity still remained high, the viscosity and specific gravity seemed 
normal, while the red count was quite high The opsonic index had reveised itself 
and increased decidedly over the normal The results for the second day of the 
administration indicated a continuation of the trend of changes shown on the first 
day and a simple accentuation of them The specific gravity. A, viscosity and 
hemoglobin content became very high, the electrical conductivity remained nor 
mal and the red count was still liigh The opsonic index also continued at its 
high level 

ExpCEiatEXT 3 — ^Dog B (Table 3 and Fig 5) This was a duplicate of the 
pievious experiment, except that the control period lasted but four days (June 5, 
6, 7, and 8) 

Three organisms [B ppoci/aneits, B typhosus, and Staphylococcus mnevs) 
were employed foi the opsonic index and, as can be seen by a glance at the table, 
the change which occurred affected all three to approximately the same degree 
The figures for the vxanous factors during the control period showed some- 
what greater variations than in the previous controls Whether this was due 
to the shortness of the peiiod or to some othei factors is difficult to decide 
definitely , how ever, an examination of the control periods in the two prev ions 
experiments indicates the greatest iriegularity during the earlier days It is 
noticeable, however, that the A was higher and the opsonic index and the viscosity 
after the initial day considerably lovvei than is usually found for normal dogs 
The low index is particularly evident on the last day of the control period, the 
figure for Staphylococcus aureus was about the same as the prevnous day, but 
those for B pyocyanezis and B typhosus weie very low 

On the 9th and 10th, 500 c c of water were given by a stomach tube in addi- 
tion to that in the food The effect is not so marked as in the previous experi- 

The specific gravity. A, viscosity and opsonic index and red-counts show 
decreases on the 9th, which become more marked on the lOth with the exception 
of the values for the opsonic index This increased somewhat The electiica 
conductivity followed the physical factors, but, as is the case usually, in the 

inverse direction , , , 

On the 11th, at 9 00 a m , 125 c c of magnesium sulphate were given by 
tube The blood drawn at 2 00 p m showed decided changes from the previous 
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day The specific giavity, A, opsonic index, and viscosity had. inci eased, the 
electiical conductivity became somewhat lower, while the red-count was 
unchanged The dog died the next day before blood could be drawn, probably as 
the result of an attempt to push the administration of the magnesium sulphate 
Expebiment 4 — ^Dog E (Table 4 and Fig 6) This experiment consisted of a 
contiol period of three days, there being a lapse of seventy-two hours between the 
second and third control days, omitting the examination of blood on June 11, 



Visccsfti 


^{jrcssion of- 

'Preezwj-'f^inr 


Opscnic 

Index 


Fig 6 — Experiment 4 Dog E 


magnesium sulphate ( 125 c c ) was given on the 12th and 13th Blood was dravTi 
on the second day (June 12) at 2 00 p m and on the following day after the 
last administration of the magnesium sulphate The short inteix'al of time 
Mhich inteiwened between the ingestion of the salt and the removal of the blood 
did not allow the effect of the administration to show itself in the blood 

Tlie three control days gave fairly concordant, although Aariable, results, the 
N allies foi the specific giavitv. A, viscosity and opsonic index ran parallel while 
those foi the electrical conductnity. were imersely proportional One point. 
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ho-\\evei, must be noted, on June 10 (the last contiol day and distant three days 
fiom the other tuo), the figures foi opsonic index, specific giavity and viscosity 
weie the lowest and the electiical conductivity the highest for the ivhole experi- 
ment On the day (June 12) when the action of the magnesium sulphate was 
most pionounced the specific gravity. A, viscosity and opsonic index were largely 
inci eased The electiical conductivity became lowered On the 13th there ensued 
a tendency foi the figures to leturn to the normal, ivitli the exception of the A 
and opsonic index, the reason foi which is explained above 

COlSrSIDEEATIOF OP THE RESULTS 

The one fact which stands out most cleaily in summing up the results, 
presented here, is the marked variation in the opsonic index following 
changes in the osmotic concentration of the blood The close coincidence 
of the two factors is so evident that there can be no question as to their 
relation as cause and effect Undoubtedly the revised physico-chemical 
technic employed in the performance of the test for the opsonic index has 
served to accentuate the results and the effects of such altered ionic 
concentration That this effect on the index has been imperfectly recog- 
nized by the laboratory clinician cannot be denied In evidence of this 
we see the various attempts instituted to decrease, by perfected technic, 
the “noimal variations” which constantly occur, or the clinician regulates 
the diet (water ingestion) of the patient under observation and proscribes 
any excessive exercise (loss of water by perspiration) Diarrhea unac- 
companied by a corresponding increase of water ingestion must also exert 
a positive influence for opsonic variation 

Of interest in this connection is the work of Murra}’-, Williams and 
Oii,^- who attempted to get evidence of a local production of opsonms 
by the use of bandages on the limbs, thus excluding and obstiuctmg 
ceitain portions of the ciiculation Then results lacked such degree of 
uniformity that the attempts were given up Such procedures were well 
calculated to oiigmate osmotic alterations in the blood present in the 
ciicumscribed areas, similar to those which we produced throughout the 
body, and the wide variations in index which they observed are easity 
explained by our results 

In Figure 5 (chart of Experiment 3, Dog B), it will be noticed that 
on the first day, as the result of water ingestion, the opsonic index 
decreased with a slight decrease in A, on the following or second day of 
water ingestion the A continued to decrease but the index underwent a 
rise which brought it back to normal On this day, therefore, the opsonic 
index increased -with decreasing osmotic concentration, which is the 
reverse of the usual relation Mention should be made of one factor 
which may, in pait, account for the apparent discrepancy The animal 
got up a marked diarrhea which evidenced itself in a much slightei 
decrease in osmotic concentration of the blood than would ordinarily hare 

12 ^lurray, Williams and Orr Bioclieni Join 1909, in 353 
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lollo\\ed incieased watei ingestion, the otliei phj'sicai constants sliow 
a similai lack of positive effect The fact that the inciease in the index 
showed itself in all thiee oiganisnis einplo 3 'ed vonld point strongly 
against any enoi having crept into the technic of the deteiinmation 
In Experiment 3 (Dog J3) the thiee organisms utilized foi the delei- 
imnation of the index showed a general agi cement Appaientl}^ tlie same 
gioss conditions which affected then jn oneness to be engulfed by the 
white cell acted on all three in the same manner In Expeiiment 4 
(Dog E), uith the exception of the fiist contiol da}, SiapJiylococcus 
auieus and B pyocyanem lan paiallel while B iyphosus followed an 
apparently inveise order This vaiiatmn m the different oiganisms falls 
m Ime with some pielimmaiy studies which ve have made with the vieu 
to determining the effect on the phagoc 3 tie powei of a vaiiet}' of oigan- 
isms, as the result ot alterations in the osmotic conditions of the medium 
We have been able to note that foi all organisms theie is appaientl} a 
maximum (optimum) condition or degiee of osmotic concentiation at 
which the organisms are most markedly phagoc 3 ted Eiom thi^ optimum 
phagocytosis decrease m both diiections, i e, vhen the osmotic conreii- 
tiation IS eithei increased oi deci eased fiom the maximum This opti- 
mum condition foi maximum phagocytosis \aiies for the different organ- 
isms, and this theiefoie explains wh}^, when different oiganisms aie 
employed for the same series of serum vaiying in osmotic concentiation 
the opsonic index according to each should not necessarily run parallel 
This possesses much importance in relation to the technic of pei forming 
the test, especially when taken into consideration m connection vith the 
effect of altered ionic concentration on the opsonic values 

It IS important to note in another connection that the electrical 
conductivity varied inversely with all the othei jihysical factors i e, as 
the specific gravity. A, and viscosity decreased oi as the blood suffered 
a dilution the electrical conductivity increased and vice veisa The deter- 
mination of this latter factor in the blood gives evidence of the degi ee of 
dissociation of the inoiganic salts oi electrol 3 'tes Hambuigei vas the 
first to call attention to the fact that in the blood the inoiganic salts 
existed in an incompletely dissociated condition, and that b}^ dilution 
dissociation was increased Okei-BIom,^'’ Bugarszk}'’ and Tangl,^* and 
Viola/’' in experiments with serum tn vvtro, showed that by dilution 
the “physiological” conductivity increased on continued dilution Oker- 
Blom also indicated that the blood proteins markedly affect the electrical 
conductivity of the electrolytes This factor is depressed by 2 5 per cent 
on account of each gram of protein in 100 e c of blood This, then 
forms a second and additive factor, in that a dilution of the blood 

13 Oker-Blom Arch f d ges Physiol (Pfliiger’s) , 1900, Kmx, 510 

14 Bugarszky and Tangl Arch f d ges Physiol (Pfluger’s) , 1898, Ixxii, 531 

15 Viola Estratto del periodico Kevista veneta di science mediche, 1901, 

will, No 8 
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deci eases this depiessive effect on the electrical conductivity, the lesiilt 
IS jncreased ionic conduction These facts seem sufficient to explain the 
lesnlts obtained by us Lastly, we do not fail to lecognize the fact that 
in the experiments in which magnesium sulphate was given pei os, a 
certam criticism might be raised that the phagocytosis was affected by 
the magnesium sulphate after absorption as well as by the changed 
condition in osmotic concentration ® This is true only in pait , for it 
must he remembered that the concentration of the blood, resulting from 
the mgestion of a single dose of magnesium sulphate, is brought about 
by the withdrawal of water from the blood in virtue of the osmotic 
pressure exerted in the mtestine by the salt on account of its slow 
absorption We must giant then that during the initial concentiation 
of the blood, very little of the salt can be piesent in the blood and its 
effect IS negligible When this salt finally malces its appearance in the 
blood, it exerts an osmotic pressure sufficient to withdiaw fluid from the 
tissues and as a lesult of this, the blood becomes more dilute and a 
decreased A occurs 

Bearing all this in mind, the attempt was made to time the ingestion 
of the salt so that the usual withdrawal of blood would occui at a period 
when slight absorption of the salt had occurred and the diarrhea had 
advanced sufficiently to result in an increased ionic concentration of the 
blood If blood had been drawn later on in the day, in all probabilitv 
it would have been noticed that a dilution had occurred from the fluids 
of the tissues sufficient to cause the concentration to return to normal 
or even below it perhaps 

CONCLUSIONS 

The facts brought out in these experiments bring into prominence 
certain neglected factors which beai on the accuracy and vanabilitv of 
the opsonic index As a lesult of experimentally altering the concen- 
tration of the blood, great variations in the opsonic index made their 
appeaiance The changes thus induced are but magnified pictuies of 
vhat the blood is undergoing normally in the couise of the day followmg 
excessive eating, dunking, oi exercise On the othei hand since the 
ionic concentiation of the phagocytmg mixture possesses such a marked 
effect on the ability of the white cell to take up bacteiia, it seems onlv 
reasonable that in accurate determinations of this phagocytic power, the 
experimental conditions, under which the white cells are required to act 
m vitro, should correspond as nearly as possible to the conditions under 
vhich the leukoc'\tes of the expeiimental animal exist m vivo This can 
only occui when the experimental solutions employed coriespond m con- 
centration to that of the serum from which the white cells were removed 
Since these variable factors have never sufficiently been realized, it is 
not strange that the so-called normal opsonic index is an irregular affair 
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These icsults should also lead us to inqune whethei the vauahons 
in opsonic inde\ In ought about by the injection of vaccines, with the 
assumed increase in the amount of opsonins in the blood, have not as 
then basis alteiations in the plijsical factors of tlie blood, and whethei 
the piepaiation of the bacteria, so that they may be more readily engulfed 
by the uliite cell, may not consist in a laige pair m changing the surface 
tension of the sjstem consisting of white cells, substiate and suspension 
Wc believe that much experimental woik pei formed along these lines 
indicates that the latter explanation is piobably true 

SUXIMARV 

1 Variations in the phjsieal factors of the blood vere pro- 
duced by the ingestion of vatei (dilution) oi of magnesium sulphate 
(concentration) 

2 Decreased concentration of the blood showed itself b} a lowering 
of the values for specific giaMty, A, and viscosity, and an increase in the 
electrical condnetivitj' Incieased concentiation brought about a leveisal 
of these changes 

3 The opsonic index vas determined by allowing phagocytosis to 
take place in a bacleiial emulsion of the same ionic concentration as that 
of the serum winch was undei obseivation This increased accuiacy in 
duplicating the conditions in vivo should lesult in obtaining a more 
faithful picture of the actual abihtj’’ of the white cells while in then 
natural environment 

4 In the tlnee experiments the values of the opsonic index for 
Siaiihylococcvs auiens lan paiallel with vaiiations in the specific gravity^ 
and A of the blood, and inversely with the electrical conductivity In the 
third experiment, m which two other organisms were similarly tiled, the 
results do not agree In explanation of tins it is suggested that the opti- 
mum and minimum iioints of phagocytic ingestion foi bacteria of difCei- 
ent kinds are not coincident 

5 In all probability, therefore, a large portion of the so-called normal 
vaiiations in the opsonic index are due to changes in the physical charac- 
teristics of the blood, and other variations in disease may be explained, 
in part, in a similar mannei 

338 East Twenty-Si'^tli Street 



A STUDY OU THE BLOOD AND EBCBS BEFOEE 
AND AFTEE BILATERAL NEPHRECTOMY AND 
DOUBLE URETERAL LIGATION, AND OF 
THE URINE SECRETED AFTER RE- 
IMPLANTATION OF THE 
URETERS •' 

HOLMES C JACKSON, PhilD, and TADASU SAIKI, PhilD 

NEW TOBK 

Mucli experimental evidence has been advanced in the endeavor to 
determine the immediate cause or causes concerned in the death of 
animals whose kidneys have been removed or whose ureters have been 
ligated, and as the result of apparent differences in the dination of 
postoperative life, attempts have been made to ascribe to the kidney a 
function other than that of excietion in the general sense That the 
simple ligation of the ureter resulted in the stoppage of urine formation 
but did not inteifere with the production of an internal secretion, 
piesumably necessary to the life of the animal, seemed a logical conclu- 
sion from the notion that animals lived longer with their ureters ligated 
than when both kidneys were extirpated These statements find consider- 
able support fiom clinical findings in cases in which both ureteis were 
accidentally ligated or in which a persistent anuria existed 

Recent experimental woik does not, howevei, bung additional evidence 
that any such diffeience exists In fact, one finds statements to the effect 
that uieteral ligation leads to a moie rapid death than does double neph- 
lectomy The older investigators ignored several very important experi- 
mental details which affect the duration of life in as great a degree a= 
does the absence of the kidney function The character of the diet, 
whethei protein foods are included, whethei the animal is given watei 
or not, or deprived entiiely of food with or without watei, all these condi- 
tions influence the length of postoperative survival ^ When comparative 
experiments are carried out in which these conditions aie kept constant, 
01 when one compares only the work of different investigators where 
comparable conditions existed, it becomes evident that within the limits 
of eiior for such work, the postoperative survival of the animals is value- 
less as a criterion for comparison of the effect of ureteial ligation and 

*Thi<; AAork "SAfis perfoinied in the Depaitment of Physiological Chemi=;trv 
Bonder Hygienic Laboratory Albany N Y the expenses Meie deflated by Di 
John A Sampson Albam N Y 

1 Koranyi Berl klin Wchnschr 1899 wxii 97 and 78^ Strubell Wien 
kill! Wchnschr . 1901 xiy 089 
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double nephiociomy Some difleiences do e\ist, but as to tlieir exact 
cause nothing definite maj be said fioni the results of the piesent 
investigation 

If foi the sake of aigunient, we admit that the kidne3'S do seciete 
into the blood a substance oi substances necessaiy for the continued 
existence of the animal, tins beneficial efi!ect becomes neutralized In the 
baneful lesult of the non-iemoval of piodncts of metabolism 

Investigations into the cause of death in both types of opeiative 
interfeience have followed tvo lines of procedure Eithei the blood- 
changes following double nephrectomy and double ligation haie been 
studied and compaied, oi attempts have been made to prolong or shorten 
the life of the animal by blood-letting oi intiavenous injection of ^allolls 
salt solutions, organ extracts oi blood fiom otliei animals of the same 
species To all such evidence must be added that obtained fiom the 
clinical study of cases of nephiitis with paitial oi complete aniiiia 

It has long been felt that the changes occuriing in the blood veio 
of a chaiactei not sufiicientl} gross to allow of detection bv chemical 
examination, nor was it possible to obtain amounts of blood necessan 
foi a complete study of the majority of substances which might nuclei go 
vaiiations following such operative proceduie This has brought about 
a turning of experimental methods in the diiection of physico-chemical 
measuiements, among which may be mentioned the determmatioii of 
the depression of the fieezing-pomt (A), of the electiical conductniti 
(K), of the viscositj’’, of the specific giavit}, of the vatei content 
by means of the refractometer, and of coipusculai vaiiations In some 
few instances the sodium chlond, piotein, lesidual (non-coagulable) 
nitrogen oi ash content of the blood was detei mined for the noimal 
animal and just before death, following opeiation 

Unfortunately, the gieat majoiity of these expeiiments weie earned 
out on rabbits The lesults which have been obtained on these animals 
in the study of nephritic edema and similar conditions have indicated 
cleaily that alterations in the renal function bring about changes in the 
blood and tissues which cannot be induced in some other animals, e 2: 
the dog It therefore becomes questionable whether the rabbit may be 
utilized in explaining conditions appearing in man Such marked physio- 
logical difiereuces exist between the herbivora and carnivora or omnivoia 
that it seems most advisable to employ dogs or, bettei still, monkeys in 
the stud} of renal function and the effects produced by its absence 

In attempting to obtain a clear insight into the present state of the 
question under discussion one is met with a mass of data of a very con- 
flicting character The cause of this has been alluded to above It 
seems, therefore, unwise to detail at fuithei length experimental woik 
of somewhat questionable value, and consequently it will sufiice to indicate 
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the general trend of evidence which has been accumnlated by the different 
investigators. 

Little of significance can be deduced from the study of the length 
of life following operation, the time given varying from forty-eight to 
108 hours It seems that the diet^ and general conditions of the animal 
infiiience this factor most markedly On one point there is general agi ce- 
ment namelj’, that following the operation, the A of the blood increases 
gradually from the normal and reaches its maximum at death Since 
the figures (A) for normal rabbits’ or dogs’ blood or serum vary quite 
considerably, it is to be expected that the lethal A should also be incon- 
stant The highest values^ are 1 15 C Others vary according to the 
normal figure obtained and the length of life of the animal The 
average figures for a life of fiom eighty to one hundred hours would 
be 0 80°-0 90° C With reference to these facts it must be stated that 
apparently no parallel exists between the molecular concentration of the 
blood and the death of the animal, some animals remaining in good 
condition with a very high A Apparently in nephritis, also, the molecular 
concentration is not characteristic of any one form of the lesion ^ 

This has led to an examination of changes in the electrical conduc- 
tivity, but here the investigators also differ in their results One fact 
IS established, namely, that no parallelism exists between the molecular 
concentration and the electrical conductivity ^ The latter factor (K) 
IS quite variable, even in normal individuals, the reason for this is not 
difficult to locate Other factors remaining constant, a simple hydremia 
01 dilution of the blood would tend to increase K in virtue of the conse- 
quent increased dissociation This condition could also be brought about 
bv an inciease in electrolytes The electrical conductivity of the blood is 
occasioned almost entirely by dissociated inorganic salts, Bugarszlcy and 
TangP consider that 7 per cent is caused by sodium chlorid, 3 per cent 
by phosphates and the remainder by sodium carbonate or bicarbonate 
A decrease in conductivity can be brought about by a decrease in the 
amount of ionized inorganic compounds or by a decrease in the degree 
of dissociation which might occui without change in the absolute quantity 
of the salts This depression of electrol 5 ’tic dissociation, as it occurs in 
the bloorl, owes its origin to the presence of the colloidal substances (pro- 
teins) m the seium If a percentile increase in these compounds occurs 
the conductivity is decreased (2 5 per cent for every 1 per cent increase 
in piotem'^) As the result of a consideration of these facts, especiallv 
in connection with the observed lack of parallelism between K and A 

2 Wald^ogel Arch f expei Path u Pharm , 1901 xlvi, 41 

3 Cohn T !Mitt a d Gienzgeb d Med ii Chir , 1906, xv, 27 

4 Ceconi Arch per le Sc Med 1902, xx\’i, 395 Segale, M Boll R Accad 
!Med de Genova, 1906 xxi 220 Bickel Ztsehr f klm Med , 1902, xlvii, 4S1 

0 Bugaiszky and Tangl Pfluger’s Arch , 1898 Ivxii, 531 
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tlie inajoiitv of investigatois feel mclmed to believe that the mciease in 
nioJai concentiation is to be attiibuted to non-dissociated compounds 
It must be leineinbeied, liouevei, tliat if there occuired simnltaneousl'\ 
an mciease in substances (protein) tending to depress electrolytic dis- 
sociation, and an mciease in compounds (salts) capable of augmenting 
dissociation, the figuie foi Iv ivould lemain unclicingcd and the presence 
of both bodies be masked Tins featuie of tlio question will be consid- 
eied m connection with tlie findings of the piesent papei 

In this connection it must be noted that clinical evidence on A and K 
is conflicting, m nephiitis vith and without uicmic S3mptoms some 
authois indicate that m peihaps the majoiity of cases, the increase in 
molar concentration accompanied the onset of tlie most marked sjouptoms 
of uremia Such cases neveitheless show nonnal A, and it is emphasized 
that a high A does not necessanlj bung about uremic conditions The K 
lemains noiinal even dining the most pionounced renal insuffleienci ® 

The lesults of viscosimetiic determinations following renal insufii- 
cienc}^ or opeiative pioceduie aio somewhat conflicting The cause for 
this IS to be ascribed to the great vaiiety of instiuments employed and 
to the difficulty encounteied in keeping constant the conditions necessai^ 
for obtammg comparable figuies^ Ho specific statements can be made 
with reference to the vaiiation of the viscosity alone oi in i elation to the 
other factors Segale® showed that neither vomiting, which is a common 
symptom following eitliei operation, noi the amount of fluid given to 
the animal, influences the viscosity of the blood in a specific way for anv 
length of time Sometimes the viscosity is gieatei and at otliei times 
less , these variations appeal without evident cause but do not accompany 
changes in the numbei of led oi white coipuscles® Appaiently, tlie 
viscosity IS the result of the inteiieaction of many factois, the effects of 
most of which are at piesent unlcnown to us 

Little attention has been paid to the specific gravity since it was 
early found that the determinations showed gieat irregularities unless 
accurate methods were employed In general, this factor parallels the 
increase in A ordinal ily obseived and the viscosity,^® although the lattei 
statement is denied b}’^ Hirsch and Beck Attempts to induce evidence 
that the beneficial effects of bleeding on uremia owed their origin to an 

6 Poly, F Deutsch med Wchnsclir , 1904, xxx, 839 Engelman, Fiitz 
Mitt a d Grenzgeb d Med u Cliir , 1903, "s.!!, 396 Allana, G B Jahib f 
Kinderh , 1906, Kiii, 74 

7 Bence Ztscln f klin Med , 1905, Ivm, 203 Bachman Deutsch Aich f 
klin Med , 1908, xciv, 409 

8 Segale Boll R Accad Med de Genova, 1906, vm, 220 

9 Burton-Opitz (Pfliiger’s Arch, 1907, cvix, 359) and Determann (Ztsehi f 
klin Med, 190’6, liv, 283) deny this statement 

10 Kottman, K Correspondenzbl f Schweiz Aeizte, 1907, sxxvii, 97 and 120 

11 Hirsch and Beck Deutsch Arch f khn Med, 1901, Ixiv, 593, 1902, Iwn, 
560 
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augmented and belleied ciiculation as the lesult of decreased viscosit}’', 
indicated that the viscosity of both the whole blood and the serum under- 
went a decrease following the removal of from 50 to 100 c c of blood 

The extent of the hydiemia has been determined either by direct 
analysis or by the ref lactometer In most cases of renal insufficiency 
in man the results 230int to an increase in water content of the blood 
Bence/^ also working with nephrectomized rabbits, showed that the daily 
loss in weight was less than in the case of intact animals, and that this 
retention of water was more than could be accounted for by the retained 
urine Most authors explain this condition by an alteration in the water 
equilibrium and the passage of water from the tissues into the circulating 
fluid If water is given the hydremia is increased (rabbits^®) Branden- 
stein and Chafes’-® incline to the assumption that the retained sodium 
chloiid remains in the blood and with it holds a larger quantity of water 
in the circulating fluid 

Concerning variations in the sodium ehloiid, urea and non-coagulable 
nitrogen content of blood, few observations aie available Van Maanen^^ 
found that, as the result of tying both ureters, the amount of chlorin does 
not increase but the rest-nitrogen becomes augmented Some clinical 
observations^® point to an irregularity in the amount of sodium chloiid 
in different forms of renal insufficiency^ but indicate that when uiemic 
symptoms aiipeai the urea content of the blood is always found to be 
g] eater than normal 

Bmally, several attempts have been made to prolong the life of the 
animals following either double nephrectomy or double ligation of ureters 
After bilateral nephrectomy transfusion of from 100 to 175 c c normal 
saline does not affect any'- material difference in the length of life This 
IS contrary’- to the results of Yitzou,'® who increased the average duration 
of life from seventj’-one to 164 hours as the result of transfusion On 
the other hand, Couvee®^ pointed out that if in nephrectomized animals 
soon after operation, the blood of nephrectomized animals of relatively 
long standing be injected, there is no effect The injection of defibrmated 
blood- and tissue-extracts apparently prolonged but slightly the period 

12 Sclireiber and Hagenbeig Cenlialbl f Stoffw 1901, ii, 2S7 

13 Strubell Deulsch Aicb f khn Med , 1901, Kix, 521 Strauss and Cliajes 
Ztsclir f khn Med , 1904, In, 536 

14 Bence, J Ztscln f klin Med , 1909, 1-xvn, 69 Strauss, H Ztsclir f khn 
Med, 1906, lx 500 Georgopulos, A Ztsclir f khn Med 1906, lx, 411 

15 Bence and Sal^onat Bev de Med 1907, xxvii, 620 

16 Brandenstein and Cliajes Ztsclir f khn Med , 1905, Ivii, 265 

17 Van Maanen, A Dissertation, Utrecht, 1905 Also INIaly’s Jaliiesbei 
1905, -xxxA^ 3S1 

18 Javal and Adler Coinpt lend Soc biol , 1906, Ixi, 235 

19 Cnle, G W and Cole H P New York !Med Jour , 1907 lxxx\ i 145 

20 Vitzou Joui de Physiol et Path g^nerale, 1901 in, 901 and 926 

21 CoinCe H Ztsclir f khn IMed 1904, hv 311 
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of life These lesulls iveie lepealed by van Maanen^" on animals with 
double ligation of the ureteis The injection (diiect tiansfusion) into 
animals recenth opeiated on, fiom animals operated on eighiy-six hours 
pieviousi}, seems to increase the postopeiative life from 20 to 50 pei cent 
Sacchaiose solutions exhibited a moie beneficial effect than 0 9 per cent 
sodium cliloiid jS^o diffeience could be obseived when edematous fluids 
fiom iiephutics oi blood-seium fiom eclamptics vere introduced in the 
ciiculation The nitiogen content of operated animals was found to 
be noimal 

Woik of somewhat diffeient character was performed by l 2 :natov sky-" 
on labbits The uiine was studied after single nephrectomy as well a« 
the length of life following the removal of the second kidney The 
extiipation of one kidnej’- brought about a decrease in chloiin elimination 
with an increase in the urea outjiut The animal died two oi three dajs 
after the second kidney was taken out Ligation of one renal arter^ 
caused results sonievhat similar to single nephrectomj’' , after the second 
week however, the animal commenced to lose weight and there appeared 
toxic s'^niptoms which the observer ascribed to absorbed products of 
necrosis Ligation of the second artery killed in from tivo to three days 
Ligation of veins gave almost analogous lesults After the ligation of 
one ureter the increase in size of the kidney, as determined by peicussion, 
was considerable and at autopsy there existed a hydronephrosis The 
animals which survive the single ligation begin to lose weight after two 
01 three weeks and eat les<! The second ligation kills in from three to 
four dajs 

In viev of the extreme divergence in the results obtained by the 
various investigators interested in the problem, it appeared of sufiBcient 
interest to attack the question fiom a somewhat different direction 

The original plan of the investigation consisted in an attempt to study 
and compare (1) the blood of dogs before and after double nephrectomj^ 
and (2) the blood and urine of dogs before double ureteral ligation the 
blood during the ligation and the blood and urine subsequent to the 
release of the ligature and reimplantation of the ureteis in the bladdei 

Earl}' in the vork, on double uieteral ligation, it became evident that 
infection was a weiglitj^ factor in the death of the animals A number 
of experiments were carried out in the hope of locating the course of this 
infection which brought about death within two to four days The locus 
was apparent^ in one or both of the ligated kidneys, this seemed to 
exclude the wound as the point of origin The results of the search will 
be detailed in another paper, but the simple explanation of the difficult} 
seems to lie in the fact that in the course of the operation, and after 
the ligation of the ureters, the peritoneum was not sutured and the infec- 


22 Ignatowslcy, A Compt rend soc Biolog , 1905, Iviii, 10 and 130 
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tion in the peritoneal cavity, ordinarily taken care of at that point, 
passed through the opening in the peritoneum and retropentoneally 
found its way up the ureters to the kidney where a locus minons lesis- 
tentuE existed In subsequent experiments, in which the peritoneal cut 
was sutured following the ureteral ligation, no infection was observed 
Some few results were obtained, however, in the early experiments in 
which the ligatures were released and the ureters reimplanted befoie the 
infection had sufficiently advanced to preclude recovery 

In the investigation it was therefore found necessary to confine our- 
selves laigely to the changes occurring in the blood and feces before, and 
during, double nephrectomy and ureteral ligation, with some observations 
on the character of the elimination following release of the ligature and 
elimination into the intestine following the surgical mterfeience In 
the ligation experiments without subsequent reimplantation, it must be 
remembered that the animals died or were killed during a moie or less 
marked renal infection , since subsequent results, without infection, show 
the same changes, we feel justified in assuming that the infection was 
without influence and hence make use of these experiments 

The results will be considered as follows 

I Double nephrectomy — analysis of the blood before and after 
operation 

II Double ureteral ligation — analysis of the blood before and after 
operation 

III Examination of urinary changes before ligation and following 
release of ligature, and on account of the possible elimination of water, 
purin bases and uric acid into the intestines, the feces of some of the 
animals were analyzed 

PLAN OF EXPERIMENTS 

By means of a large hypodermic needle and syringe, the blood was 
drawn aseptically by aspiration from the external ]ugulai Aein daily 
at 3 p m The preparation and analysis took place in exactty the same 
way and the same methods and apparatus were employed as outlined in 
other experiments,”'* with the exception that, at the end of the determina- 
tion of the physical constants, the blood was piecipitated with ten times 
its volume of alcohol and allowed to stand over night The clear fluid was 
then Altered off and the coagulated blood protein washed and ground up 
in a mortar lepeatedly with 95 pei cent alcohol The original fluid and 
washings aftei evapoiation to a few cubic centimeters were taken up m 
water and made up to 50 c c Of this, 25 c c were taken foi Kjeldahl 
deteimination (duplicates) and the othei 25 c c saved for the determi- 
nation of the chloiids (neutralization and direct titration with silver 
nitiate and potassium chromate) 


23 Jackson and Hawn The Aechiifs Ixt jMed tins issue 
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Tlie animals were kept m appio\imate nitrogenous equilioiium with 
a low piotem diet of 10 gm casein, 100 gm ciacker-dust, 20 gm lard and 
500 c c of w'atei Attention has already been called to the importance 
of tlie diet in this connection As will be seen fiom the tables, the 
animals, howevei, ate little or nothing following the opeiatne pioceduies 
The opeiations were earned out with the usual surgical asepsis and 
technic and w^eie peifoimed b) Di J A Sampson, to whom we wish to 
express oui giatitude 

I DOUBLE nephrectojiy 
Three experiments weie successful 

ExrERijiENT 1 (Dog 1) — Control-blood was dravn and analy/ed on December 
23, 25, and 28 The opeiation occuired December 29, at 11 a m , and the animal 
siirvned until the night of Januai} 1-2, i e , S3 93 hours Blood Mas draim on 
December 30 and 31 ind Janiiarj’’ 1 No cliloiid or nitiogen determinations Mere 
carried out, and the Mscositj figuies aie incomplete 


Table 1 — Bilatebal NEPirnncTOWY, ExPERUtENT 1, Dog 1* 

Date Sp Gi A K-olO * Viscosity NaCl N Remarks 

10— cc % % 

pel sec 


12/23 

567 

0 605 

47 1 

2 280 

Food and 500 c c 
water 

12/25 

561 

0 575 

49 3 


Food and 500 c c 
M ater 

12/28 

551 

0 580 

52 7 

2 070 

Food and 500 cc 
M ater 

12/30 

483 

0 560 

58 0 

2 018 

Operation Dec 29, 
11 a m , after 
operation ate 

practically noth- 
ing, given 500 
c c water 

12/31 

515 

0 595 

57 3 


500 cc Matei 

1/1 

545 

0 660 

55 5 

2 247 

500 c c water 


*Deatli on night of January 1-2 Postoperative life eighty -tin ee to ninety hours 


The results indicate that on the day following the operation, the 
specific gravity and A underwent a temporary decrease and the electiical 
conductivity a corresponding increase On the two sueceedmg days the 
specific giavity and A gradually mcreased and the electrical conductivity 
decreased The viscosity show^ed little or no change 

Experiment 2 (Dog 4) — In this case there were three control daj^s, January 
12, 14 and 16 The blood for the third day was draivn just befoie the operation 
at 11 a m The animal survived until January 20, when in the afternoon he 
appeared so weak that he was anesthetized and killed at 4 p m , 101 hours 

The same changes occurred here as in the previous experiment except 
that the A did not fall below normal on the first postopeiative day The 
subsequent daily increase of specific gravity and A and deciease of elec- 
tric'al conductivity occurred until death It will be noticed, however, 
that K increased markedly on the first day following the opeiation and 
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had not i cached its normal level when death occurred The viscosity, 
also, suffered no variation except on Dec 18, when it was very low 


Table 2 — Bilatebal Nepheectomy, Experiment 2, 'Dog 4^ 


Date 

Sp Gr 

A 

K,olO-^ 

Viscosity 

NaCl 

N 

Eemarks 




1 0— 



c c 

% 

% 








pel sec 






1/12 

586 

0 625 

45 4 




Food and 

500 

c c 







water 



1/14 

593 

0 615 

46 7 

2 149 

0 365 

0 054 

Food and 

500 

c c 







water 



1/16 

580 

0 615 

43 0 

2 160 

0 407 

0 044 

Food and 

600 

c c 







water Operation 








Jan 16, 

11 a 

m 

1/17 

480 

0 655 

63 5 

2 114 

0 651 

0174 

500 c c water 


1/18 

494 

0 680 

60 9 

1 620 

0 469 

0 186 

500 c c water 


1/19 

517 

0 735 

57 5 

2 186 

0 399 

0 244 

500 c c water 


1/20 

593 

0 790 

51 5 

2 168 

0 335 

0 308 

500 e c water 



*Killed at 4 p m , January 20 Postoperative life 101 hours 


The chlorids underwent also a temporary postoperative increase and 
this may account, in part, for the high K In subsequent days the chlorid 
percentage decreased to below normal, the nitrogen percentage increased 
tremendously 

Experiment 3 (Dog 11) — Only one contiol day, March 20, was available in 
this experiment The operation was performed on March 22, at 11 a m Blood 
was drawn on Maich 23, 24, 25, 26 and 27 The animal appeared very weak 
and was killed on March 27, 12 noon, suivived 121 hours The postoperative 
changes were identical with the previous results Specific gravity and A increased 
daily, the electiical conductivity did not show such a sharp postoperative rise 
as in the other two expeiiments, not i caching its maximum until the second 
day after operation It then fell gradually until death The viscosity was 
unchanged and the chlorids decreased as the nitrogen content increased 


Table 3 — Bilateral Nephrectomy, Experoient 3 Dog 11 * 


ite 

Sp Gi 

1 0— 

A 

K.olO-'' 

Viscosity 
c c 

pel sec 

NaCl 

% 

N 

% 

Wgt 

kg 

Remarks 


20 

682 

0 590 

32 4 


0 635 

0 089 

12 88 

Food and 500 c c water 
ation Mar 22, 11 a 

, oper 
m 

23 

050 

0 680 

34 6 

2 578 

0 455 

0 161 

12 98 

Practically no food 
given 500 c c water 

eaten 

24 

066 

0 735 

39 0 

5 440 

0 443 

0 215 

12 85 

Practically no food 
given 500 c c water 

eaten 

25 

075 

0 805 

35 5 

2 800 

0 422 

0 215 

12 55 

Practically no food 
given 500 c c water 

eaten 

26 

700 

0 825 

31 4 

3 190 

0 359 

0 311 

12 32 

Practically no food 
given 500 c c water 

eaten 

27 

720 

0 925 

30 0 

3 092 

0 276 

0 363 

12 15 

Practically no food 
given 500 c c watei 

eaten 

Blood 

*■ 

lulled 12 

a 111 Maich 27 

Postoperatne life 121 hours 


drawn at 10 a m 



24 It is impossible to explain or discard this result since it happened that on 
this dav the determinations were done in triplicate 
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II. DOUBLL URMEBAL LIGVI'ION 

The plan of these three expenments ^\as similar to that outlined 
for the double nophieetoni} The contiol peiiod uas followed by the 
operation, aftei which blood was diawm daily until the death of the 
animal 

Exp^RIXI^^T 4 (Dog 3) — Tins .inimal sitivncd fiftj-ninc to si\lj nine hours 
Operation took place January 10, 11 a in A coinpaiison of the losults foi the 
two postoperative days, Januaij 17 and 18, witli the thiee controls, Januaiy 11, 
13 and 15 indicates that the specific gia\itj and A increased graduallj "until 
death, the electrical conductnitv underwent a decided decrease aftei the opera- 
tion, hut on the second da}' had inci eased soinew’hat Little change occurred in 
the \iscosity, if an\thing, a slight rise was in e\idcnce Hie chlonds were also 
increased on the first postopciatne daj, hut on the second had dropped below 
normal The nitiogen percentage was i nimble This experiment is someuliat 
atypical 

Table 4 — Double Unrri ral Ligation Experuient 4 Dog 3* 


Date 

Sp Gr 

A 

K^IO-^ 

Viscositj 

EaCl 

N 

Wgt 

Eemarks 


1 0— 



c c 

% 

% 

kg 






pel sec 





1/11 

611 

0 605 

41 8 





Food and 500 c c water 

1/13 

584 

0 605 

43 5 

2 352 

0 518 

0 054 


Food and 500 c c avater 

1/15 

555 

0 610 

47 7 

2 042 

0 483 

0 058 


Food and 500 cc water 

1/17 

671 

0 635 

30 9 

3 175 

0 614 

0 092 


Operation Jan 16, Ham 









No food 500 c c water 









given 

1/18 

686 

0 660 

36 4 

2 578 

0 396 

0 053 


No food, 500 cc water 


gnen 


*Death during night January 18-19 Postoperative life fifty-nine to si\ty-nine hours 


ExPERixrES'T 5 (Dog 5) — This animal died on February 4, just after blood 
had been drawm for analysis Postoperative life, ninety-nine hours Ta\o control 
days, January 27 and 31, were followed by four successive days, Febiuary 1, 2, 
3 and 4, following the opeiation, February 1, 11 a m The icsults after operation 
agree in the main with the pievious experiment The specific gravity and A 
show daily increases and the iiscosity remains almost unchanged, except just 
before death when it rose veiy high The electiical conductuity followed the 
usual postoperative changes at first an inciease and then a gradual deciease 
until death occurred The chlonds showed the usual postoperatii e daily deciease 
and the amount of nitiogen giadually became augmented 


Table 5 — Double Ureteral Ligation Experlment 5 Dog 5 ’^ 


Date 

Sp Gr 
10— 

A 

K=ol0-' 

1/27 

602 

0 660 

39 7 

1/31 


0 650 

37 8 

2/1 

603 

0 675 

42 7 

2/2 

677 

0 670 

45 5 

2/3 

695 

0 720 

40 7 

2/4 

731 

0 785 

21 8 


»Death February 4, 2 p m 


Viscosity 

NaCl 

N 

c c 

% 

% 

per sec 



2 800 

0 516 

0 102 


0 527 


2 306 

0 495 

0 188 

2 195 

0 418 

0 209 

2 404 

0 430 

0 274 

4 063 

0 316 

0 335 


Postoperative life ninety nine hours 


Wgt Eemarks 

kg 

Food and 500 c c wmter each 
day until operation 
Food and 500 c c winter 
Opeiation Jan 31, 11 a m 
Food and 500 c c winter 
liTo food or water taken 
Eo food 01 water taken 
1^0 food or water taken 
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Experiment 6 (Dog 13) — ^In this experiment there is only an incomplete 
analysis of one control, four days before operation, April 29, and one sample just 
previous to the operation The results for the two postoperative days agree 
entirely with the other experiments The operation was performed May 4, 11 
a m The animal survived until the night of May 6-7, 59-69 hours The specific 
gravity, A and nitrogen percentage gradually increased, the chlorids decreased 
and the electrical conductivity showed the usual rise succeeded hy a fall until 
death No viscosity deteiminations were made 


Table 6 — ^Double XJeeteeal Ligation Experiment 6 Dog 13^ 


Date 

Sp Gi 

A 

IC 20 IO-* Viscosity 

NaCl 

N 

Wgt 

Remarks 


1 0 — 


e c 

% 

% 

kg 





per see 



• • 


4/29 


0 615 

34 3 



16 30 

Food and 500 c c water each 








day until operation 

5/4 

512 

0 610 

36 0 

0442 

0 069 

15 89 

No food, 500 c c water given 

5/5 

562 

0 685 

514 

0 441 

0 178 

15 87 

Operation May 4, 11 a m 








No food, 500 c c water 
given 

5/6 

673 

0 720 

32 4 

0 348 

0 245 

15 57 

No food, 500 c c water 
given 


*Death duiing night May 6-7 Postoperative life fifty-nine to sixty -nine hours 

III EXAMINATION OE THE HEINE EOLLOWING RELEASE OE LIGATURES 
AND THE ELIMINATION OE WATER, PTJEIN BASES AND URIC 
ACID INTO THE INTESTINE (EECES) DURING 
LIGATION AND NEPHRECTOMY 

The difficulties associated with the accomplishment of a successful 
termination of an experiment of this type are myriad in number, and 
hence we are able to present but two, in one of which (Bxpeiiment 7, 
Dog 6), the ligatures were in position seventy-two hours and in the other 
(Experiment 8, Dog 8), 120 hours Autopsies in both instances revealed 
minute healed abscesses indicating that during the time of ligation an 
infection occurred which had not proceeded with sufficient rapidity to 
cause the death of the animal but which cleared up with the removal of 
the ligatures 

The results of the control days as well as those subsequent to the 
lelease of ligatures and reimplantation are given in tabular form*® It 
must be recalled that these animals before operation were placed on a 
low nitiogenous diet of 10 gm casein, 100 gm cracker-dust and 20 gm 
of lard As can be seen from the tables, the animals ate little or nothing 
during the time the ligatures were in place Some water was taken 
In all metabolic studies of this character there arises the uncontrollable 
factor of irregularity of food absorption due to loss of appetite and 
vomiting 

25 The method of analysis employed was as follows Total nitrogen Kjeldahl, 
ammonia total and ethereal SO 3 Folin (ventilation at room-temperature with 
"jodium carbonate) sodium clilorid Mohr phospnates uranium titration with 
potassium ferrocjanid 
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■Urinl, Before Ligaiion and Fou owing Impl.vntation of Ureters Experiment 8 Dog 8 
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AltCEITBS OF mTEliFAL MEDICINE 


The figuies of the unne analysis following leimplantation are some- 
^\hal difficult of accuiate mterpietation It would appear that the kidney 
\er} soon assumes its noimal ability to eliminate water and inorganic 
salts It IS tiue that the sodium chloiid figures in the tables show a 
decrease after the second operation, but in the light of evidence offered 
b} the expeiiments in uhich the blood uas examined during ligation, this 
decrease in sodium chlorid percentage of mine is to be explained most 
probably b'\ the lowered content of this substance in the blood as the 
result of the ligation (see Expeiiments 4, 5 and 6) The phosphorus 
pentoxid output and the reaction indicate little, if any, change, the total 
sulphui tiioxid m one expeiiment is increased in viitue of an incieased 
output of etheieal sulphui tiioxid and to a less extent also of inorganic 
sulphur tnoxid The total nitiogen figuies aie veiy irregulai and 
evidently depend on the amount of food taken during the ligation peiiod 
This much may be said, however, that the total amount eliminated is 
much highei than could be accounted for b} the nitiogen intaice Unfor- 
tunatel-^, we cannot produce figures as to the actual nitiogen balance, 
but it IS eiident that the figures for the output are in excess of what 
Avould be expected m the condition of piactical fasting as it existed at 
the time We feel justified, theiefore, in assuming that this excess lepre- 
sents nitiogen previously letained and now undergoing elimination In 
this connection it is interesting to note that both the absolute and per- 
centile ammonia nitrogen are decreased Reasoning by analog}’' with the 
sodium chlorid, it would point to a decreased amount of this substance 
in the blood during ligation oi to a diminished ability on the pait of 
the kidne} to eliminate it as the result of the operatiie procedure IJnfor-' 
tunately we possess no figuies for the variation in the ammonia content 
of the blood during ligation 

Attention should also be directed to the figures for the weight of the 
animal in lelation to food and water ingestion (Experiment 8) During 
the five dais of ligation the loss in weight amounted to 450 gm, and 
the intake of water and food aggregated 510 gm , no feces having been 
voided during this time, there occurred a loss of material via skin and 
lungs amounting to 960 gm It would appear that the lungs and skin 
as the remaining exeretor}’’ pathwai^s had attempted to assume vicarioiislv 
the eliminative function of the kidney In how far this has been limited 
to water alone cannot be determined from the data obtained 

EXAMINATION OF THE FECES 

In Experiments 1 and 2 (Dogs 1 and 4, whose kidneys had been 
removed) the feces were collected before and after the operation From 
the table, it can be seen that apparently the organism does not employ 
the method of water excretion into the intestine in order to offset the 
lo^^s of the renal function The water content of the feces is increased 
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only very slightly as the result of the nephrectomy In the case of 
ureteral ligation we can present only the figures for a normal dog and, 
in comparison, data which resulted from experiments on seveial animals 
during ligation The tables indicate that if anything, the peicentage of 
moisture in the feces is diminished Further analysis of these various 
fractions of feces was carried out only with respect to the elimination of 
uric acid and purm bases These substances were chosen as examples of 
a possible vicarious elimination through the intestine The examination 
was made by the Kniger-Schmidt method In each instance, only tiaces 
of copper precipitate could be obtained and the results can be stated as 
negative Apparently, therefore, the purin bodies are not eliminated 
through the intestine and unless, therefore, they undergo further oxida- 
tion as the result of their retention, they must form part of the nitrog- 
enous substances which are responsible for the gradual increase in non- 
coagulable nitrogen of the blood following either nephrectomy or ligation 


Table 9 — Feces — Bilateral Nephrectomy, Dog 1 



Normal 


Following Opeiation 

Date 

gm 

Date 

gm 

12/24 

60 

12/29 

49 

12/25 

100 

12/31 

71 

12/26 

77 

1/1 

56 

12/27 

17 

1/2 

16 

12/28 

67 






191 (moist) 


321 (moist) 


73 (air-dry) 


137 (air-diy) 






118=617% water 


184=57 3% water 



Table 10 — Feces — Bilateral Nephrectomy, Dog 4 


Normal 


After Operation 

Date 

gm 

Date 

gm 

1/12 

25 

1/18 

47 

1/13 

12 

1/19 

25 

1/14 

126 






72 (moist) 


163 (moist) 


22 (air-dry) 


87 (air-dry) 






50=69 4% y ater 


76=46 6% water 



Table 11 — Feces — Double Ureteral Ligation, Dogs 2, 5 and 6 


Normal Dog 2 

Aftei Opeiation Dogs 2, 5 and 6 

Date 

gm 

Date 

gm 

12/24 

35 

1/8 

13 

12/25 

33 

2/2 

13 

12/26 

25 

2/3 

13 

12/29 

10 

2/8 

22 

12/30 

18 



12/31 

3 


73 (moist) 

1/2&3 

25 


58 (air-dry) 

1/4 

25 



1/5 

22 


15=20 5% Avater 


196 (moist) 

90 (air dry) 

106=54 1% Mater 
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ATtCniTES OF INTERNAL MEDICINE 


A consideiation of the lesults obtained b}' previous investigators, and 
those presented in tins paper, would serve to emphasize the fact that, so 
far as can he judged fiom the experimental evidence at present available, 
tlieie exists no dillerenee in the condition of the animal following bilat- 
eral nephrectomy and double ureteral ligation It is not correct to take 
the lengtli of postoperative life of the animal as a criterion of the 
seventy of the process oi as indicative of difleiences in condition Too 
many other factors secondary to the suigieal interference, hut not the 
direct result of it, are more important in determining the life duration 
Tims the infection which we have observed in the early ligation experi- 
ments brings about changes tending to slioiten the life of the animal 
Whethei the presence of organisms in the blood of dogs, and their growth 
in loealities which present a locvs minons i esxsicnUcc, is widespread or 
not, needs further study The work of Hess^“ is suggestive in this con- 
nection, in that the results indicate a possible path by which infection 
might proceed, if bacteria can pass flow blood into the mtestine there 
exists no valid reason vliy passage could not occur in the opposite direc- 
tion when the condition of the blood acted as a chemotactic stimulus 
on the organisms At present no connection can be drawn between this 
t^'pe of infection (streptococcus) and that found in dogs’ livers removed 
aseptically from the bod) 

The results here detailed agree vith those already reported, in that 
the molecular concentration of the blood increased after operation and 
until the time of death In an examination as to the causes which lead 
to this meiease, it becomes evident from our results that the increase is 
not at the expense of lelained sodium chlorid The gradual decrease in 
percentage of chlorids in each successive daily sample of blood points to 
a passage of these substances out of the blood, various paths are available 
If they enter the tissues, on account of an increased permeability of the 
endothelial lining, one would expect to find as a result an increased 
content of chloiid in the muscle and, perhaps, as concomitant an 
increased amount of water (edema) also Something of this sort does 
occur m the rabbit and edema appears as the result of surgical or toxic 
interference with renal function Strangely enough, however, edema 
never is present in dogs undei similai conditions and at autopsy the 
subcutaneous and muscle tissues of dogs reported here seemed to be drier 
and to contain less watei than usual The chlorids may be excreted by 
the skin, but in dogs such a method is practically excluded, since dogs 
nevei sweat The last point of exit is the gastro-intestmal tract Excre- 
tion in this manner may be brought about either by the appearance of 

26 Hess Proc Soc Exper Biol and Med , lOlO, vii, 82 

27 Jackson, H C Jour Exper Med, 1009, xi, 55 

28 Experimental data bearing on these points will be presented in another 
paper 
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chlorm, as h3^drocliloric acid of the gastric pice, or as the result of the 
vicarious secretion of sodium chlorid by the cells of the intestinal mucosa 
This latter possibility receives additional support from the experiments 
of Salomon and Wallace/® "who found sodium chlorid among the normal 
excretory substances of the mtestme In viev of the condition of the 
animal, and the fact that little or no food was ingested durmg the time 
when the chlorids were disappearmg from the blood, it appears improb- 
able that gastric pice was bemg secreted Hence, of these two possibili- 
ties, that of vicarious excretion seems most probable, although, unfortu- 
nately, we have no analytical results to substantiate it The urme which 
was obtamed durmg the first days followmg the release of ligature of 
ureters adds additional proof to that obtained by blood analysis, i e ^ 
that the sodium chlorid content of the blood followmg both t5’^pes of 
surgical procedure progressively dimmishes to death This decrease, 
m all probability, forms the causative agent m brmgmg about the fact 
noted by so many observers, that the electrical conductivit}’’ and the 
molecular concentration hold no apparent relationship to each other 
In our experiments there exists, within certam limits, a well-defined 
parallelism between the chlorid content and the electrical conductivity, 
both of these factors after a postoperative rise®® tending to deciease until 
death That the fall is not more pronounced may be explained by the 
fact that m the molecular mcrease m concentration which occurs^ there 
IS brought about an mcrease, in part, of substances with relatively large 
molecules which dissociate but slightly and, m part, of compounds which 
depiess the dissociation of the inorganic salts With the data at hand^ 
it IS impossible to decide which factors are the most potent m brmgmg 
about the observed changes m the electrical conductivity^ The decrease 
in chlorids observed m these experiments might suggest an explanation 
On the other hand, Bugarszky and TangP consider that the chlorids play 
a rather small part (7 per cent ) m the conductivity^ condition as the}* 
exist m the blood, the carbonates being more important m this connec- 
tion, in fact, a superficial exammation of the blood would mclme one 
to the belief that followmg the surgical procedure the caroonates are 
largely increased m the blood If this is true there must occur a large 
simultaneous mcrease of colloidal substances (protems) which would 
offset the mcrease in lonizable compounds by their depressive powei on 
dissociation 

29 Salomon and Wallace Med Klinik 1909, v 579 

30 It IS interesting in this connection to note that Magnus (Arch f exper 
Path u Pharm , 1899 xlii, 250) ivas able to produce edema in dogs only as the 
result of salt infusion, from t^^enty-fou^ to forty-eight hours, following complete 
nephrectomy or ureteral ligation This might indicate of course a temporary 
derangement of nater and salt equilibrium between blood and tissues, brought 
about by an altered permeability of the endothelial cells of the capillaries The 
temporarv increase in chlorids noted in these experiment® could be construed a® 
part of the process 
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Appaientlj, tlie sulpliates and phosphates do not leave the blood in 
a wa3^ similai to the chloiids, and thej may also add then part in tending 
to diminish the decrease in K The chemical anal} sis togethei with the 
lesults foi the specific giavity and A, all point to an increased concen- 
tration of the blood, this is the leveise of what occurs in nephiectomized 
rabbits in which a h3diemia is followed b}’’ an edematous condition As 
previousl}'^ stated, this lattei state of affairs does not occui in the dog 
Apparentl}'^ there exists no relationship between tlie amount of water 
ingested and the piogiessne inciease in moleculai concentiation of the 
blood If moie watei is ingested, a corresponding amount is eliminated 
via the lungs Oui lesults with the feces do not indicate that this water 
is removed in this way Tins accords with the negative lesults obtained 
in attempts to piolong tlie life of operated animals b}^ salt (water) 
infusion" Only temporal} variations in the blood lesult, and just as 
in the normal animal, following similar procedures, the blood with 
astounding lapidity assumes its noimal level,"^ so the blood of these 
animals vhicli have been operated on quickl} reassumes the same 
abnormal condition as before All of this indicates that the unknown 
mechanism which regulates the exchange of water between intake, througli 
the intestinal capillaries, and output, via capillaries of lungs, skin, kjdney 
and intestine, has become disturbed and that the equilibrium is day by 
day reaching higher levels of concentration Until it becomes possible 
to explain this regulative mechanism, we cannot expect b} this means to 
prolong, to any great extent, the life of the operated animal 

This increased molecular concentration is in itself not to be considered 
as the cause of death Undoubtedl}", the tremendous increase of non- 
coagulable nitiogen is indicative of an increase in substances foimed in 
the endogenous metabolism of the cell and toxic to the organism The 
presence of these compounds in excessive amount in the blood and cells 
must act as the causative factoi in the death of the animal That ammo- 
nium salts probabl}'^ do not form a part of the nitrogenous increase can 
be reasoned from the fact that when the ureters are reimplanted the 
ammonium content of the urine secreted at that time is ver}'^ low Of 
course, it could be argued with equal force, perhaps, that the existing 
pathological conditions in the convoluted tubules were of a character to 
retain ammonium salts, even though apparentl}’^ othei nitrogenous com- 
pounds were not simultaneously withheld 

There exists a lack of evidence that these animals die with ^j’^mptoms 
similar to those of uremia in man They become lethargic but not coma- 
tose , convulsions are rarely present There is no indication of increased 
reflexes, of gastro-intestinal symptoms, vomiting is the only one eon- 
stantlv present From the standpoint of the superficial examination 


31 Sollmann Arch f exper Path u Pharm , 1901, xlvi, 1 
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of tlie blood;,, the most marked feature was its intense venosity and 
accompanymg increased viscosity The blood, as it flowed out of a vein 
3 ust before death, was of a character closely resembling molasses It 
became almost impossible to draw the blood into tlie large hypodermic 
needle ordinal ily employed Coagulation occurred less rapidly and the 
amount of the clot was decidedly augmented Meltzer and Salant®“ 
report delayed clotting in nephrectomized rabbits 

In experiments of the kind described in this paper, no single indi- 
vidual factor thus far examined throws sufiicient light on the question to 
bring about complete elucidation If, however, one considers the changes 
in physico-chemical constants occurring as the result of the suigical 
interference, and correlates these with the superficial examination of the 
blood and general condition of the animal, it becomes evident that the 
cause of death is brought about by the interaction of a variety of altered 
chemical processes 

In all probability, the general condition is a toxemia either initiated 
by, or lesulting in, a gradual asphyxia These two factois form a 
VICIOUS cycle Accumulated products of normal cellular catabolism, non- 
toxic in themselves, among which carbon dioxid may form an important 
member, cause the appearance in the cells and tissues of incompletely 
oxidized products further aggravating the asphyxial condition The 
large carbon dioxid content of the blood augments the viscosity and 
hence renders more difficult the passage of the blood through the capil- 
laries The slowed capillaiy rate in turn diminishes the oxygen supply 
to the tissues and the removal of carbon dioxid is hindered 

SUJCMAKY 

1 When all the various conditions of the experiment (diet, lack of 
infection^ etc ) remained constant, there appeared to be a slight tendency 
on the part of the animals with both kidneys removed to survive the 
operation for a longer period than was the case in double ureteral liga- 
tion The analysis of the blood following both operative procedures 
showed no dift’erences which could account for this 

2 The molecular concentration (A) of the blood increased after both 
operations until death The electrical conductivity (K) and chlorid 
content of the blood, after a temporary rise on the day following the 
operation, progressively deci eased Hence, the rise in concentration was 
brought about by an increase in orgamc substances mainly nitrogenous 
and non-eoagiilable in cliaracter, as was shown by the hlood analjsis 

3 Following both operations, the blood becomes more venous with a 
resultmg inci eased viscosity due to carbon dioxid and the time of coagu- 
lation IS increased 

32 Meltzer and Salant Jour Med Research 1904, xii, 63 
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4 No vicanoiis elimination of water, uric acid or purin bases occurs 
into the inteslme 

5 The urine secieted after the leimplantation into the bladdei of the 
ligated nreteis was of a charactei which did not indicate gieat renal 
changes The vaiiations might be explained by tlie altered condition of 
the blood and tissues The secretion was somewhat low in chlonds on 
account of lo^^ content of chloiids in the blood at that time, high in total 
nitrogen but low in ammonia nitiogen The sulphates showed an iiTCgu- 
laiity which might be construed as pointing to cellulai d 5 spnea 

6 H-^diemia does not occui as the result of eithei opeiative proce- 
duie, and no evidence of edema vas ever present In fact the tissues at 
autopsy appeared diier than the normal 

338 East Twenty Si's.th Street 



LEVULOSUEIA 


WITH A KEPORT OF AH UNUSUAL CASE **■ 

S STROUSE, M D , AND J C FRIEDMAN, M D 

CHICAGO 

The rarity of the condition of levnlosnria unassociated with glyco- 
suria justifies a detailed report of the case which we were able to study 
The subject may be conveniently discussed under three headings 

1 Alimentary levulosuria in diseases of the liver 

2 Levulose associated with glucose in diabetes mellitus 

3 Eare eases in which levulose alone has been found 

As our case belongs to the last division, the first two conditions will 
be discussed only as they may throw light on the clinical features and 
patliogenesis of levulosuria, and the extensive literature on the subject, 
recently reviewed by Koenigsfeld,^ will be handled in the same manner 
In patients suffering from certain diseases of the liver, H Stiauss^ found 
that the feeding of 100 gm of levulose produced levulosuria, and this 
has been extensively used as a method of functional diagnosis of liver 
disease It has been supposed that in functional hepatic disturbances the 
liver IS unable to convert levulose into glycogen, and levulose fed by 
mouth IS consequently passed unused Experimental work of Sachs® and 
others tends to support the view that hepatic insufficiency may be associ- 
ated with alimentary levulosuria, since they found that in dehepatized 
frogs levulosuria can be easil}'’ produced by injecting or feeding levulose 
The muscles of such frogs contained no levulose Glucose, howevei, 
given to dehepatized frogs does not produce glycosuria, and correspond- 
ingly the muscles of these frogs contain an increased amount of glucose 

The presence of levulose along with glucose in diabetic urine is not 
very common, but there seems to be quite a diversity of opinion as to its 
incidence In 1,000 cases of diabetes, Seegen^ found no levulose, in 
nineteen cases, Schwarz® found six with levulose, von Hoorden® claims 
to have found it only rarelj^ in mild cases, but almost always in serere 
cases, and he considers its presence an unfavorable prognostic sign In 


*Froni the laboratories of the hlichael Reese Hospital, Chicago 

1 Koemgsfeld Ztschr f klin ^Icd , 1909 Kix, 291 

2 Strauss Deutsch med Wclmschr , 1901, xxvii, 757 

3 Sachs Ztschr f klin iMed , 1899, xxxviii 87 

4 Scegen Centralbl f d med Wissensch , 1884, xxii 753 

5 Schwarz Deutsch Arch f klin Med 1903 Ixxm, 233 
G ion Nooideii Die Zuckerkrankheit Berlin, 1901 
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von Me7ing and Minkowski’s oiiginal voik on pancieatic diabetes, tolei- 
ancG for Itviilose vas not dislnibed, and von JSToorden considers that 
within certain limits levnlose tolerance in diabetes is not changed When 
le^^llose appears, then, m diabetes it is an indication of severe distiiib- 
ance of carboliydiate metabolism 

Theie are, on the othei hand, cases of mixed melituna not like true 
diabetes Lion’s" ease showed leviilosniia and glycosuria, the former 
being affected by le^’ulose in the diet, the lattei by glucose May’s® case 
of transveise m 3 'elitis showed the undoubted presence of both glucose and 
levulose in an alkaline urine The feeding of levulose, glucose, or sac- 
charose had no influence on the sugai output, althougli the removal of all 
carboliydiate fiom the diet lesulted in the disappeaiance of sugar It 
is very possible that the levulose here was formed fiom Jextiose, by 
conversion by the alkaline mine in bladdei According to the work of 
the chemists Lobiy de Bruyn and Alberda von Ekenstein,® a solution of 
glucose in alkaline media is partially conveited into levulose and other 
allied hexoses, and onl}’’ lecently Koenigsfeld^ repoited a case of true 
diabetes in which levulosuiia developed following the exhibition of alka- 
line mineral waters Koenigsfeld fmtlier gave dextrose by mouth during 
a sugai -flee period and thereby produced glycosuria, but when the dex- 
trose was preceded and followed by alkaline mineial waters and the urine 
became alkaline, levulose appeared Levulose given by mouth in Koemgs- 
feld’s case caused no changes in the urine, showing that the levulosuria 
was not due to lowered toleiance for levulose Possibly von Morac- 
zewski’s^® cases of levulosuria associated with alkaline urine might be 
classed undei this head, foi heie, although diminished tolerance for 
levulose undoubtedly existed, glucose also increased the levulosuria when 
the mine was alkaline in leaction His cases, however, were incompletely 
studied, and it is rather difiicult to recognize from his repoits tlie exact 
origin of the levulose That “urinogenic levulosuria” — as Koenigsfeld 
calls this type of conversion of dextrose into levulose in the urinary 
bladder — can exist and can be the cause of levorotation in diabetic urines 
must be considered proved 

Only SIX cases of pure levulosuria have been repoited in the literatuie 
Seegen’s^ first case, carefully analyzed later by Kulz,^^ seems to have been 
one of puie levulosuria Eosm’s,^- Schlesinger’s,^® and Keubauer’s^* 

7 Lion Munchen med Wchnsclir , 1903, 1, 1105 

8 May Deutscli Areli f klin Med , 1896, Ivii, 279 

9 De Bruyn, Lobry and von Bkenstein, Alberda Ber d Deutscli chem 
Gesellsch , 1895, xxx, 3078 

10 von Moraczewski Ztsclir f klin Med , 1907, Ixiv, 503 

11 Kulz Ztsclir f Biol , 1890, xxvii, 228 

12 Bosin Salkowski Festschrift, 1904, p 105, Eosin and Laband Ztsclir 1 
klin Med , 1902, xlvii, 182 

13 Schlesingei Arch f exper Path u Pliarm , 1903, 1, 272 

14 Neubauer Munchen med Wchnschr, 1905, In, 1525 
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patients had symptoms of diabetes, Lepine and Bonlud^s’-® developed 
during puerpenum, and Schwaiz’s® had endocarditis Jolle’s^’’ two cases 
cannot be accepted, noi can Mane and Eobinson’s.^'^ as not sufficient 
evidence is given to piove the presence of levulose alone 

Eosin’s case diflers from all the others in that the excietion of levu- 
lose had no relation to carbohydrate intake, and levulose by mouth had no 
effect In this case levulosemia was demonstiated even when the patient 
was not passing levulose The distuibance of metabolism in this case 
cannot be stated In all the others the levulosuiia was suiely an indi- 
cation of diminished tolerance for levulose, foi in them a direct relation- 
ship between intake and excretion was shown This, interestingly enough, 
was shown only in regard to levulose or higher carbohydrates which, on 
splitting, form levulose Except, then, for Eos'in’s case, the other reported 
cases show an intolerance for levulose identical with the intolerance for 
glucose in a mild diabetes ISTeubauer, who was able to study his patient 
in a more complete manner than any of the previous writers, m testing the 
assimilation limit of his patient for levulose, found that no matter how 
small an amount was given (at least down to 3 8 gm ) always a constant 
portion, between 15 and 17 per cent , was excreted 

The case we have to report is almost identical in its urinary findings 
with Neubauei’s, but it has a special interest in that clinically it presents 
phases indicating marked disturbance of the internal secretions The 
relation of these glands to carbohydiate metabolism is a sub 3 ect of vast 
interest, beyond the scope of this papei, but it is at least an unusual 
coincidence to find in the same patient such marked variation fiom 
normal carbohydrate metabolism associated with such discord in the usual 
harmonious relations of these glands 

The patient is reported from the service of Dr D’Oisa}’- Hecht, at the 
Michael Eeese Hospital, to whom we are indebted for the clinical notes 
As the clinical aspects will be reported in detail,^® we shall give only an 
outline 

Patient — A male, aged 16, a Eussian Jew, came to this country four years 
ago Two yeais ago, at the beginning of puberty, he noticed a tremor of the 
light aim and liand, lecently the tremor has been noticed m the left arm, and in 
the head No othei symptoms have been complained of, and all sj'mptoms refer- 
able to diabetes were negative The family history was likewise negative 

Examination — ^The boy, 5 feet, 8^1 inches tall wears a No 9 glove. No 8 shoe 
and No 7^4 hat There is a marked cyanosis of the hands feet, nose and ears, 
a maiked tremoi of both arms and hands, and of the head The pelns is dis- 
tinctly of the female ty^m, the testes aie uniisuallv small, the penis large, the 
hair development normal, except for unusual thickness on the head The blood 
shows a slight secondary anemia a leukocvto'^is -sariing between 10,000 and 


15 Ldpine and Bouliid Eei de m^d 1904, \xu, 185 

16 Jolles Arch d Pharm 1906, ccxliv 542 

17 !Marie and Eobinson Semaine med , 1897 xmi 250 
IS Journal of Nervous and Mental Diseases 
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25,000, -vutli a noiinal differential count, blood pressuie was aiound 110 Stool 
examinations made several times -ivere negative The urine, which w'lll be dis 
cussed in detail later, showed a surprising constancy in its findings The average 
imount was 1,500 to 2,000, specific gravity of 1,022, and it contained albumin and 
casts, indican and levulose Frequentlj, but not ahuays, the urine w'as alkaline 
and contained an abundance of triple phosphate crystals Acetone and diacetic 
acid were constantly absent Frequent ammonia and nitrogen estimations on 
various diets gave no abnormal figures Bile was never present and urobilinogen 
(dimetlijlaminoben^aldehyd test) was not increased 

The findings in the urine of a i educing body which gave an atjpical delayed 
reaction with Fehling’s solution and icduced Nylander's, but was Icvorotatoi^, 
immediately suggested the presence of levnilose, and was followed by detailed study 
of the nature of the i educing body 

Diagnosis — Before a diagnosis of pine levulosmia is justified, the following 
conditions must be fulfilled 

1 Reduction of metallic «alts (Fchling’s and Nv lander’s) 

2 Levorotation 

3 Fermentation into alcohol ind caibon dio\id with complete disappcaiance 

of the reducing and lotatoij' substance 

4 Osayone crystals, with melting point 204 O® 

5 A positive Seliwanoff reaction 

6 Tlie figure foi rotation figured as dextrose must beai a constant i elation to 

the figure from coppei i eduction (057 to 0 024) 

With the patient on an ordinarj' ward diet, containing carbohydrates, the=e 
conditions were constantly fulfilled The Seliw'anoff reaction was intensely posi- 
tive, and the urine was fermented bj' jeast, showing carbon diovid and alcohol 
After twenty-foui liours’ fciinentation there was often still present a levorotatory 
substance, which, however, completel} disappeared in forty-eight hours With 
phenyl hydrazin an osa/onc was formed exactly like glucosazone In all the 
work a comparison of the readings made by the Benedict copper-reduction method, 
and by the polaiiscope, showed that we were dealing with one substance and not 
with a mixtuie of levulose and glucose 
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TABLE 2 

— EFFECT OF CARBOHYDRATE-FREE 

DIET • 
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•Figures for Benedict are too high, owang to an eitot in standardization of 
solutions 


Some discussion is necessaij'^ heie as to the technic of the vaiious tests 
The Seliwanoff test has been criticized and modified by every worker, and 
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recently Borchaidt^” has attempted to systematize its use by his own 
modification This, like all the othei modifications, when carefully 
guarded is about as accuiate as the original The test is based on the 
principle that levulose in the presence of hydrochloric acid and resorcin 
will produce a deep-ied color, soon changing into a red precipitate 
\¥hile the test is very delicate for levulose, it is given also by nitrites, and 
by glucose in concentrated solution , consequently it cannot lie considered 
a scientifically accurate test Eor practical purposes, however, the original 
test serves as usefully as does anj'^ of its modifications for the detection 
of levulose, even in the presence of glucose Working with pure solutions 
of the sugars in water, we obtained the best results b> using equal parts 
of concentrated hydrochloric acid and of sugar solution, to which is added 
a knife-point of resorcin, and heating in a boiling water -bath Even 
minute amounts of levulose give an intense reaction with this technic 
inside of thirty seconds, whereas glucose under 2 per cent takes four 
minutes, and a 4 per cent solution, two mmutes By this means we 
have detected numerous times levulose in our case, even when the mine 
did not reduce Eehlmg’s solution If, then, one wanted to search for 
levulose in the presence of even a large amount of glucose, the urine could 
be diluted, and heated over a water-bath for thirty seconds The chance 
of confusion from nitrites can be avoided by employing fresh urines 

The study of fermentation also brought out the fact that stale, ammo- 
niacal urine might not ferment, even though there was definite evidence 
of the presence of sugar This was especially true with certain brands of 
commercial yeast, and was probably due to the allcaline reaction of the 
urine The orcein pentose test and the phloroglucm gl 3 Turonate tests 
were extensively done, the orcein never being positive, while the phloro- 
glucin at times was positive when the levulose content of the urine was 
high Control tests, however showed that levulose by itself vould give 
the phloroglucm test 

Having established the identity of the reducing body as levulose, and 
having shown the absence of other reducing substances in the urine, we 
next attempted to decide into which group of levulosurias our case 
belonged Koemgsfeld’s ^^uimogenous” type could be excluded, since 
levulose was present even when the urine was acid On an ordinary ward 
diet, containing as much carbohydrate as the patient wished to eat — 
and he was very fond of sweets of all kinds — the daily curve of levulose 
excretion was charted This showed a verj small amount or even absence 
of levulose in the early morning, a use toward noon or 3 p m and then 
a fall — corresponding with what is found m mild cases of diabetes The 
lemoval of carbohydrates from the diet was followed by the immediate 
disappearance of sugar from the urine Later howe-\ei after the patient 

19 Borchardt Zt^clir f plnsiol Chem 190S Iv 241 
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had been out of the hospital foi about three weeks, theie uas still a slight 
trace of levulose present in the urine with the patient on a carbohydrate- 
free diet This w'as manifested onl}’’ aftei eating 
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TABLE 1— EFFECT OF FEEDING LEVULOSE ON FULL DIET 
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TABLE 5 — ^EFFECT OP FEEDING LEVULOSE ON CARBOHYDRATE-FREE DIET 

AND ON EMPTY STOMACH 
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Levulose feeding was divided into two stages Various amounts weie 
added to the oidinary diet, with a constant mcrease in the levulose output 
Based on the average for days before and after this experiment, it would 
seem that from 8 to 10 per cent of the amount taken in was passed 
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AVlien feeding levulose on an empt}^ stomach in amounts vaiying from 
10 to 100 gm at one dose, the same approximate peicentage was found 
m the urme It will be remembered that in ISTeubauer^s case the unused 
levulose varied fiom 15 to 17 per cent , and this proportion was constant 
for any dose ingested 

Glucose lil^ewise was given both with the ordinal y ward diet and on 
a fastmg stomach, and in neither case did it affect the output of levulose 
or produce glycosuria When 100 gm were fed on an empty stomach, a 
trace of levulose could be found in the urine three to six hours afterward 
In the last experiment the control da}"-, with the same diet mmus glucose, 
showed the same trace of levulose, so that it seems warrantable to conclude 
that levulose was not made from glucose And since at no time did 
100 gm of glucose produce glycosuiia, theie was undoubtedly complete 
tolerance for glucose 


TABLE 6— EFFECT OP GLUCOSE PATIENT ON FULL WARD-DIET 
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Although tvm attempts to demonstrate levulosemia by the method of 
Eosin were unsuccessful, it seems reasonable to suppose that the negative 
results were due to technical diflSculties and that levulosemia actually 
existed Eosin demonstrated levulose in the blood of his patient even 
when there was no levulosuiia, and Neuberg and Strauss-® proved its 
presence in the serum of a patient suffering with sj^philis of the liver 
who had been given 100 gm levulose as a functional test 

A pnon, one might expect phlorizin infections to produce both gljco- 
sinia and levulosuiia, but Schlesingei found that his patient vith pure 
levulosuiia reacted to phloiizm infection vith glycosuria, iihile hTeu- 
bauer’s case of mixed nielituria responded bi ^howmg both glucose and 
levulose in the urine In our patient the experiment was performed 
under larious conditions On two different occasions 0 005 gm of 

20 Xenbcrg mid Strau<=s Ztsehr f physiol Cliein 1902 x\x\i 227 
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phloiiziu weic injected subcutaneously, witli the patient on a mixed diet, 
and passing levulose in the urine The mine voided two houis aftei 
the first injection contained copper sulphate i eduction 0 53 pei cent 
sugar (calculated as dextiose), and did noi lotate the plane of polarized 
light, but gave a marked positive Seliwanofi: reaction, thus allowing that 
both glucose and levulose weie present Therefore, calculating on the 
basic of a compaiison of the specific lotations of dextrose and levulose, 
r/itli then specific reductions of copper sulphate, this mine contained 
0 2 per cent dextrose and 0 35 per cent levulose After the second 
injection the urine showed 0 3 per cent levoiotation in a tube 189 4 mm 
long, and 0 06 per cent (as dextrose) by the Benedict copper-i eduction, 
and, therefore, contained 0 21 per cent dextrose and 0 49 per cent levu- 
lose In neither case uas the amount of levulose increased over what 
might have been expected foi that hour of the daj', and in both instances 
an rmdoubted glycosuria was produced A third intiamuscular dose of 
0 02 gm , given when the patient was on a carbohydrate-free diet and, 
therefore, showing no lermlose in the urine, gave dextioiotation of 1 2 pei 
cent, copper reduction to thc^ same amount, and a negative Seliwanofi 
The summary of these expciiments would be that, as in the normal indi- 
vidual, a pure glycosuria was caused by all injections The injections, 
made at a time when levulose was present in the urine, did not seem to 
increase the levulose, and the third injection, given during a levulose-free 
period, produced only glycosuria 


TABLE 7— EFFECT OF PHLORIZIN INJECTIONS WITH UNRESTRICTED DIET 
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TABLE 8 — EFFECT OF PHLORIZIN INJECTIONS WITH CARBOHYDRXTB-FREE 
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As has been stated, the clinical manifestations of this ease were so 
suggestive of disturbances of internal secretions that several empiric 
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expeiiments weie performed, m the hope of correlating the disturbance 
of carboliydrate metabolism ■with perverted activity of adrenal, thyroid 
and hypophysis Two infections of 0 6 c c epinephiin (adrenalin) 

1 1,000, and a conise of thfTOid tablets, 1 gm a day, for six days, ‘w^eie 
without effect Pituitary tablets (Armoui), 0 6 gm a day, for nine days, 
produced an apparent diuiesis without an increase in the levulose output 
Of course, a series of observations like these cannot be accepted as exclud- 
ing the possible inteirelation of one or moie of the glands of mternal ^ 
secietion with the levulosuria 

STJ3MMAJIY 

Oul case of levulosuria belongs to the raie class of spontaneous 
alimentary le'vulosurias in which the levulose is deiived only from 
ingested levulose or higher carbohydrates splitting off levulose Glucose 
has no effect on the excretion of levulose, nor is there any diminished 
tolerance for glucose llie appearance of levulose in the urine is prob- 
ably due to a partial inability to conveit levulose into glvcogen, which, 
according to present conceptions, is a hepatic function Consequently a 
constant proportion of levulose in the diet is excieted as such The dis- 
turbances in the nervous system and in the secondary sexual character- 
istics point to a disturbance of function of one or more of the ductless 
glands This perveision may be the etiologic factor in hepatic insuf- 
ficiency (see von hToorden^^) 

Pecent ivork of Goetch, Cushing and Jacobson-- showed that in dvs- 
pituitarism toleiance for levulose was on the same level as foi dextiose, 
and it IS possible that in oui case the levulosuria may be meiely a symp- 
tom 111 an obscure syndiome, involving as -^et unsettled questions of 
disturbances in the ductless glands 

3914 Ellis Avenue — 4801 Indiana Avenue 

21 von Eoorden Med lilin , 1911, vii, 1 

22 Goeteli Ciisliing and Jacobson Bull Johns Hopkins Hosp 1911 wii, IGi 



SOME OBSERVATION'S ON THE BLOOD-PEESSURE-RAISING 
SUBSTANCE OF THE ADRENALS IN ACUTE 
A.DRENAL INSUFFICIENCY 

JEAN V COOKE, MU 

NLW ORL^A^S 

By acute adienal insuflicienc}' is usuallj^ ineani that gioup of cases m 
Avhich, aftei a short fatal illness accompanied sometimes bj seveie gastio- 
mtestinal symptoms, sometimes by acute sjnnptoms refeiable to the central 
nervous system, and sometimes meiel}' b}' profound asthenia, oi some com- 
bination of these, there is found at autops)’^ no adequate cause for death 
except some destructive piocess in the adienal glands The ca^es aie distin- 
guished fiom Addison’s disease b} then shoit couise and by the absence of 
pigmentation At autopsy the lesion is usually a thiombosis of the 
adrenal veins with hemoiihage into the medulla, but cases have also been 
noted of an acute inflammaloiy piocess, caicinoma, saicoma or tuber- 
culosis, mvohnng the adienal glands Those cases of adienal hemoiihage 
occuriing in infants and, as is thought by manv obseiveis, lesulting in 
some way fiom an acute infection, may also belong to this group A^ to 
w'hethei symptoms leferable to an insufficiency of the adienals can be 
recognized in the course of acute infectious feveis — a view’- championed 
especial^ by Seigent and other Fiench clinicians — it is not the piovmce 
of this papei to discuss, noi shall I detail the clinical sjnnptoms that have 
been described in connection wnth the cases of acute adrenal insufficiencv 
which have been lepoited It is sufficient to remaik that the eases may 
present an}’- of the symptoms that accompany Addison’s disease except 
the pigmentation, and that the symptoms are usually severe A collection 
of cases was made by Lavenson^ m 1908, and Seigent- has critically dis- 
cussed the subject 

REPORT OF CASE 

The patient whose case I wash to leport w’as admitted to the Pennsyl- 
vania Hospital Feb 4, 1911, in the seivice of Dr A V Meigs, to whom 
I am indebted for the notes on the clinical histoiy 

History — ^The patient was an Austrian, 40 yeais of age, with delirium and 
muscular twitchings The histoiy obtained was veiy meagei on account of his 

-’"From the Ayer Clinical Lahoratoiy of the Pennsylvania Hospital, Philadel 
]ihia, and the Department of Research Medicine of the -University of Pennsylvama 

1 Lavenson, E S The Aechives Int Med, 1908, ii, 62 

2 Sergent Rev mens de m6d int et de thfiiap, 1909, i, SOI 
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mental condition and tlie fact that he spoke no English He had always been 
well until two days befoie admission, when, following excessive indulgence in 
oysteis and whisky, he became ill 

ExammaUon — On admission, examination levealed a musculai, well-nourished 
man with expiessionless face and staling eyes The muscles of his face, arms and 
hands Aveie continually twitching and he continually mutteied sentences that an 
Intel pi etei said leferied to obscene things Both pupils weie moderately dilated 
and equal The hieathing was jeiky and spasmodic Physical examination was 
otheiwise negative 

Couise — Dili mg the tliiee dajs following, the patient uas noisj^ and appai- 
ently iriational He passed mine and feces involuntaiilj' The blood pi essure 
was unfoitunately not taken The tempeiature langed from 99 to 101 8, averag- 
ing about 100, and the pulse vaiied between 86 and 136 The mine showed a 
model ate cloud of albumin, but no casts Thiee days aftei admission the pulse 
became veiy weak and lajiid, the face cyanotic and the patient died 

Autopsy vas peifoimed one-half horn post moitem, and the following is an 
abstiact of the autopsy piotocol (A 1416) 

X 




Pig 1 — Injection of 1 minim of epinephiin solution (1-1000) In this and all 
following tracings, the upper line is the blood-pi essure, the middle line is the sig 
nal and the lower line is the time in seconds All injections of tissue extiacts weie 
2 c c of an exti action iiith ten volumes of noimal salt solution 

Fig 2 — Injection of extiact of noinial-appeaiing poition of light adienal 


MACKOSCOPICAU rOSl-MOKTEM nXVMIAAriOX 

The bodi is that of a large, well nouiished man 171 cm in length Iheie is 
no iigoi nioitis Theie is slight post-moitem discoloiation of the back neck and 
head, but no abnoinial pigmentation of the skin and mucous membranes There 
IS no edema of the extiemities 

ihdonunal Gaviiy — ^Theie is a well niaiked panniculus adiposus and the 
soious sui faces aie eveiAwhcie smooth and glistening dhe appendix is con 
'Cited into a libious coid 

77/0101 — Both lungs aie fiimlv bound to the chest wall b' fibrous adhesions 
'I he left lung is e'enwheie ciepitant and on section the cut surfaces aie pale and 
appeal nornial At the apex is a firm scar Ihe bronchial hmph nodes are 
'null md pigmented black Hie light lung shows some irregul.ir patches of 
bionchopneuinonia in the lowei lobe otherwise it is crepitant and pale and dri on 
section Hie bionchial hinph-nodes are small 

Pt I lumhum — The peiicaidium is smooth ind contaiiu no exce~s of fluid 
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AnGinvna of jkteknal meojuinf 


IJcaU — ho.\it ^^elg^ls 300 gin 'llic cavities and valves and coronan 
aitenos appeal noiinal Hie ni-\oeaidiuin is fiim and pale brovn in coloi 

8plccn — Ihc spleen iieighs 100 gin and shows no gross lesions 

Ljhct — 3 lie Inei weighs 1 250 gin and ineasines 24 h-s IG hv G5 cm Ihe 
capsule IS smooth and latlici d.iik hi own in coloi Seatteied beneath the capsule 
theie aie lathei niimeious small, light giai lathci opaque areas, about 1 mm 
in diainctei On section the Inei is lathei pale i eddish brown in color, and scat 
tcied tliiough tlie paiencliMiia theic aic niinicious small giai, semi-ti anslucent 
areas, about 1 mm in si7e 

Kidneys — Hie kidncjs weigh 300 gni and show nothing abiioimal 

Adicnals — Hie light adrcml is much cnlaiged and weighs 17 5 gni It has 
appiOMiiiateh the same shape as the noimal adienal but is quite fiim and rub 
bciy Hie sin face is lathci op.iquc and light jellow in coloi At the superior 
poitioii it has a noinial appeal ance and the noininl appealing poition weighs 
appio\imatcl\ 2 j gni 'Hie lemaindei of the gland is him and section is made 
easily Hie cut sin face picsents a smooth, unifoim, i.ithei firm, ion pale vellow- 
ish appeal ance and is shaiph inaikod ofi fioni the noinial-lookmg adienal, winch 
occupies tlie supeiioi c\ticinit\ of ttie gland 'Hie loft capsule, when dissected 




Fig 3 — ^Injection of cxtiact of left adienal 
Fig 4 — Tn3ectiou of evtiact of tnbeiculous poition of light adienal 


flee fiom the suiioundiiig fat, weighs 0 8 gm About one half of this gland con 
sists of what appeals to be a fibious tissue, wdiich on section is quite firm and 
in one place is seen to be a somewdiat softened caseous appearing area about 2 
mm in diametei Hie lemaindei oi the gland is about 4 mm in thickness and 
on section show's a light yellow'ish brown tissue which has only a slight reseni 
blance to the adienal tissue 

Uiinary bladdei, prostate, stomach, intestines, pancreas, laiynv, phaiynv and 
li achea appeal normal 

Thyioid Gland — ^This is of moderate si/e and on section is i eddish brown 
One large normal appearing paiathyioid is found on either side 

Aorta — The aorta is smooth, elastic and show s a slight yellow’ish flecking of 
the intima 

Biain - — Hiere is a congestion of the pial vessels and the pia is distended w'lth 
clear fluid The cortex is in no place opaque and the meninges at the base and 
over the cortex appeal normal The lateial ventricles are slightly dilated and 
filled W'lth clear fluid FTo gross lesions are found on section of the brain 
substance 
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MICROSCOPICAL EKAMINATION 

Sections of the heait, spleen, kidney, panel eas, tliyioid, paratliyioids and 
pituitary body show nothing unusual The lung shows some small areas of 
broncho-pneumonia In the liver the small opaque aieas aie epithelioid tubeicles, 
some of which show a slight cential caseation 

Adrenals — The light adienal shows an e's.tensive caseous tubeiculosis There 
13 in the laige yellowish poition of the right adienal an extensive destiuction of 
the gland, only a few cells of the zona glomeiulosa being left Around the pink- 
staining caseous tissue theie are seen epithelioid and lymphoid cells and an occa- 
sional giant cell Toward the supeiioi pole the destiuction is less evtensive, and 
here are seen normal-appearing medullaiy and coitical tissue 

Left adienal That poition of the gland ^\hlch gicssly appealed fibious shows 
a caseous aiea in the centei, encapsulated by connective tissue infiltiated with 
lymphocytes In one poition there is a nodule of cells lesembling adienal coitex 
Sections of the glandulai poition of this gland show seveial aieas of tubeiculosis 
with caseation and epithelioid and giant cells Theie aie a few cells in places 
which resemble adienal coitex. but most of the cells resemble adienal medulla 
Bactenology — Cultuies fiom the heait’s blood lemain steiile 



Fig 5 — Iniection of second evti action of noimal appealing poition of nght 
adrenal 

Fig G — Injection of second extinction of tubeiculous poition of light adienal 
Dog 2 

ANATOMICAL AND MICROSCOPICAL DIAGNOSIS 

Tubeiculosis of adienals and hvei Edema of biain Bionchopneiimonia 
Scar at apex of right lung Chionic adhesive pleuiitis Chionic obliteiatne 
appendicitis 

It vas thought of interest to deteimine if possible, whether the adienals fiom 
this case contained the usual blood-piessuie raising substance, and if so, whether 
the amount vas the same as that fiom noimal human adienals Accoidingh, 
the adrenal tissue piesent Aias dnided into tliiee poitions The fust consisted of 
15 gni of the noimal-appeaiing poition of the right adienal, the second of 8 
gni of the tuberculous poition of the same gland, and the thud consisted of about 
0 5 gni of the left adienal Each of these vas ground up in a mortar vith sea- 
‘=and, glass and ten volumes of normal salt solution Each vas then centrifugal 
wed in a high-power centrifuge and the supeinatant fluid u=ed for the experi 
nients A second extraction of the lesulue vas made in a simiUr manner and 
kept separateh These exti actions vere done iminediatelv and kept on ice I be 
following daa a small dog was anesthetized and blood-pressure was taken from 
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01' l-hTEUNAL MEDICINE 


(lie fewoiix] iutcii Jnjections of 2 cc of cacFi of tlie cvtiacls neie made into 
the fenionil -vein liacnigs weie aKo made fioin binularly picpnied c\tiacts of 
adi dials from tliiec cases which showed no gioss oi micioscopic adienal lesion 
One of these individuals died from clnomc lalvnlai disease of the heart, one from 
acute encephalitis and one fiom acute lobai pneumonia For companso'n, in each 
case one minim of a solution of epiiiepliiin (adieiialin, 1 1000 Parke/oai is ik 
Co ) was injected, the same solution being used each tune 

llic cvtiact from the much ati opined loft adienal, which niicioscopicalh 
showed piiiicipallj inediillaM tells, caused a slight but definite use in blood pies 
suie (Fig 3), while the extiact of the tubciciilons pait of the right adienal 
caused none (Fig 4) 

The tiacings fiom the iioimal appealing poition of the light adienal (Fig 2) 
showed that it contained blood piessnre laising substance, and that the use in 
pressure obtained with 2 cc of the extiact fiom this poition of the gland was 
quite siniilai to that caused In the injection of one imniin of opjiiephiin solution 
(1 1000) (I'lg 1) Each of the thiee tracings made fiom the noinial adienal 
evtiacts, how 01 Cl, ga\e a much iiioit maikcd use in pic‘'Suic than that obtained 
from one minim of epinephnn solution (1-1000) (Figs 7 and 8) No use in 
piessuic followed injections of the second cvtiaction of the tissue (Figs 5 and 0) 
It w IS assumed that all the jiiinciple bad been obtained in the hist extract 



Fig 7 — Injection of 1 inimiii of epinephnn solution (1 1000) 

Fig S — Injection of extiact of noinial adienal gland 

It seems probable tint in this case, although a poition of adienal tissue 
having a i datively noinial appeal ance lennined iininvolved in the tubeiculoiis 
process, yet demands weie made foi adienal secietion wdiich this small amount 
of remaining tissue could not supplj and that tlieie ensued an acute adrenal 
insufficiencj lliat theie was a diminution in the blood piessiiie laising substance 
contained in the glands, as conipai ed wutli noi nial glands, indicates that the 
deficiency may have also involved the othei functions oi othei internal secretion 
of the adrenal, but of this one can only conjectuie It is inteiesting that tlieic 
were no histological evidences of any abnoimaliti in the othei oigans of internal 
secretion 

In some lespects the above case is analogous to a case ot expeiimental 
acute insufficiene}" of the parath3'ioid glands that I observed duiing the 
past year® In the experimental case, tw'o opeiahons tveie pei formed on 
a dog at an interval of abont thiee weeks At the fiist opeiation, two 


3 Cooke Jour Exper Med, 1911, viii, 439 
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paiathyroids Mere removed from each side As the animal developed 
no symptoms, a second operation was peifoimed and one lobe of the 
th 3 froid was removed The animal lecovered rapidly from the operations 
and showed no S 3 '^mptoms of parathyroid insufficiency, except a slight 
increase in reflexes and in muscle irritability Ten months after vard, 
liowever, the dog suddenly developed violent tetany with vomiting, dysp- 
nea and convulsive attacks, and died after three days At autopsy no 
lesions were found Serial sections of the remaining th 3 TOid lobe shov'^ed 
a '^mall imbedded paiath 3 uoid about 1 mm in diameter 

It Avas assumed that in this case, the small amount of parathvioid 
tissue remaining had been sufficient foi the ordinary needs of the animal, 
and vdien, from some unknown cause, the demand for parathyroid secre- 
tion by the organism exceeded the capabilities of this small nodule, an 
acute fatal parathvroid insufficiency developed 

In 1895 Olmr and Schafer^ found that injections of the extiacts of 
tlie fibiocaseous adrenals from a case of Addison’s disease had no effect 
on blood-piessuie, and Crow^elP made a like observation in two similar 
cases 1 have been able to And no other physiological study of diseased 
adienals 

If one can compaie the tracings obtained by injections of extiacts of 
adieral glands made post mortem, the marked difference observed in the 
e\t,rarts of normal adrenals and that of the tuberculous adienals from 
the case heie reported indicate that there was a rather marked functional 
dcflciency m the latter and that this decreased function inA’^olved even 
adrenal tissue which showed no gro^s oi microscopic lesion 

I wish to thank Piofessor R M Peaice of the Department of Research Med 
icine in the University of Pennsylvania foi the privileges of his laboiaioij', and 
Dr A B Eisenbiej’^ of the same depaitment for his assistance m making the 
tracings 

4 Oliver and Schafer Jour Physiol , 1895, win, 230 

5 Ciowell Proc New York Path Soc , 1909, new series, i\, 75 



THE DETERMINATION' OE JNDJVIDUAL DOSAC4E IN 
TUBERCULIN THERAPY 


WILLIAM CHARLES MIII'JE MD, AM) KARL 11 VAN NORMAN, MB 

l*n TSHUKGH 

A "seal ago ^\c pnbhslioci a icpoii of a years stiicp on a method to 
obiain a nnifoim leaction to tnbeienlin in patients of nidely different 
ebaiaoiei, both as legaids extent of disease and pli><ical condition ^ The 
method outlined in this and pieMoii'? papcis nas an cffoit to obtain a 
specific, individual, biological test ol the therapeutic doses of tubeiculin, 
uhieh Mould gne unifoim lesults in patients lequiiing this foim of tieat- 
ment The basis of this method vas laid in the vailing ‘sensitiveness to 
tubciculin, Mhicli vas found b} numeiouc ob'^eiveis to exist in the suiface 
celD of indniduals suffeiing fioin tubciciilosis Wc felt that such a 
method, if it could be eiolved, would at least get iid of the tedious method 
formeily m logue of staiting all patients on an exceedingly small dose 
and gradually woiking up oiei a peiiod of main months to a dose ivliich 
boideied on leaction oi which pioduced a tolciance to the poison It 
would thus save main months in tieatment, piovided one is wulliiig to 
giant that the leii small do'^cs aie of leiy little oi no lalue in pioducing 
the lesults which W'eic desiied in tlie tlieiapeiisis of tiibeiciilosis wutli 
tuberculin We felt, howevei, that theie was a widei field of value in tins 
method, viz, the possibility of pioducing a measuied grade of leaction 
ivliicli many had come to feel was the necessaiy thing in anv vaccine tieat- 
nient Such a conclusion neces^aiily requiied moie oi less aibitiaiy 
deteimniation of the giade of leaction wdncli was valuable, of the interval 
which should elapse betw'een dosage, and of the ultimate object to be 
obtained in tuberculin treatment 

We submitted in oui last }eai’s papei ceitain of these aibitraiy 
conclusions winch requiied fuitliei study and elucidation before they 
could be finally accepted We shall report heie the results of anothei 
}eai s work in continuation of the lines laid down in our former papei 
The results of tins year’s woik have fully confirmed oui belief that 
all that we offered in our last yeai’s papei is correct, not onty in pimciple 
but in the beneficial effect resulting from such tieatment 

The piineiple in which w‘e believe in tuberculin theiapy, is that the 
object to be obtained is the reaction of the body cells which results from 

"From the King Edward XMI Memoiial Lahoiatory of the Tubeiciilosis Leagu° 
of Pittsburgh, vith funds piovided by Mi R B Mellon 

1 White and X^an Norman Tun Archives Iht Med, 1910, vi, 449 



IF C }VHITE~K H TUiN' -NOE MAE 


115 


ii sufficient dose of tuberculin, and not tlie toleiance winch comes fiom 
giadually inci easing dosage 

The method outlined in oui foinier papei was first to detenu me the 
sensitiYeness of the individual to tubeiculin b}’- using on the skin a defi- 
nite quantity of varying dilutions of tubeiculin, then, having ariived at 
the dilution which, with a given technic, would give a minimal cutaneous 
leaction around the point of scaiification, to deteimine on this basis the 
quantity of tubeiculin which could be given subcutaneously to pioduce a 
leaclion of lequired degiee 

The lequisites in the technic of this deteimination weie 

1 A thiottle pipette which would measuie exactlv 0 01 c c of the 
given dilution of tubeiculin 

2 The tubeiculin to be a solution of the tuberculin poison and not 
a suspension (Dining the past two and a half yeais we have ii'^ed 
Old Tuberculin ) 

3 All dilutions of tubeiculin to be carefully and fieshlv made on the 
basis of puie Old Tubeiculin containing 1,000 mg of the substance 
desiiecl to the cubic centimeter 

4 The scaiification to be made befoie the application of the tubei- 
(ulm and of a depth sufficient to penetiate to the corium, pioducing a 
pink spot of definite measurement without diawing blood or seiuin 

5 Contempoianeous scaiifications not to be in the same line of 
lymphatic diainage 

0 Theiapeutic doses deteimined on the basis of minimal cutaneous 
leaciion to be given fioin the same stiain of tubeiculin as that on which 
the niiniinal cutaneous leaction was deteimined 

The piotection, by some such method as a vaccine shield to allow 
foi unifoim absoiption,- of the point of scaiification on wdiich the tnbei- 
cuhn IS placed 

tecttnto in obtaining minimal cutaneous beaction bvsed on 

SENSITIVENESS OF THE INDIVIDUAL TO TUBERCULIN 

d’he innei side of eithei foieaim is used, and if moie than one te^jf i*' 
necessaiy to deteimine the minimal cutaneous leaction it is best to imo 
ihe aims alternately Befoie scaiifving the skin is washed oiei with 
alcohol The scaiification is made b'\ a von Piiquet scaiifiei and m done 
vith ]ust enough foice to pieice the uppei layei of the skin leaMncr a 
punctate spot measiiiing 2 mm m diameter, the base of wdiich eliow'J 
bnffiit pink in coloi ISTo blood should be diawn The obtaining of thi= 
pinkuee<? at the base of the scaiification is of impoitance Scaiificat’on 
aip deepei is not necessan but if it m am less theic i« not ihe pioper 

2 tlhito and Gialiam Join Med Ee^eaicli 1000 w 347 



Flguies 1 and 2 


To show the latio between the size of leaction and amount of tuboicuiln used in 
modified ion Pirquet tests A, Case 1 , B, Case 2 In both cases 3 per cent O T was 
used On the left arm 0 01 ec was applied and on the light arm 0 03 ce It will be 
noted that the resulting reactions vaiy about three times In Case 1 the leaction on 
the left arm in 72 houis avciaged 12 mm and on the right arm averaged 35 mm In 
Case 2 the leaction on the left aim in 72 houis ivas 8 mm and on the light arm 
was 23 mm , i e , in both cases the reaction on the light aim was three times as gieat 
as that on the left arm, and in both cases there was thiee times as much tuberculin 
used on the light aim as on the left The othei daiK spots aie the icsult of adhesiie 
plastei 
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removal of the dead cells to allow absorption of the tubercnlm It is 
advisable to wait, before making the application of tnbeiculin, for half 
a mmnto after making the scarification, to be sure that the coriect depth 
has been obtained 

The next step is to apply with a throttle pipette a diop measuring 
exactly 0 01 c c of the tnbeiculin solution to be used This is applied 
exactly over the point of scaiification and is then coveied with a vaccine 
shield kept in place by two strips of adhesive, and the patient diieeted to 
hold the aim in a horizontal position until the diop has dried Readings 
are taken at the end of twenty-four, forty-eight and seventj^’-two hours, 
and the amount of reaction accurately measured in millimeteis A con- 
tiol scarification is alwa}s made belmv the scaiification for the appli- 
cation of tnbeiculin All patients should be tested fiist with a 1 pei cent 
solution 

If theie IS no reaction at the end of sevent-^-two houis to 1 per cent, 
one may use a 2 per cent solution, or liighei if necessary If at tlie end 
of seventy-two hours the 0 01 e c of the 1 per cent solution produces 
exactly a minimal cutaneous reaction, it is of coiiise unnecessaiy to do 
any further testing, but if 1 per cent causes laigei than a minimal 
cutaneous reaction, the next test can be made with 0 5 oi 0 25 of 1 ner 
cent, using diminishing solutions until the minimal cutaneous leaction is 
obtained 

If time IS a factor in obtaining the beginning dose foi treatment, two 
solutions may be applied at the same time on the same aim, and in such 
case it is well to use 1 pei cent and 0 25 per cent If two solutions are 
used, it must be remembered to place the weakei solution below (distally) 
Table 1 shows the result of applying 1 per cent and 0 25 pei cent 0 T 
on the same arm at the same time 

TABLE 1 —SHOWING METHODS USED IN CHARTING RESULTS FOR RECORDS * 


1 Skin TESTI^G to DET^RMI^F Miniaial CoTA^Eous Reaction 


Date 

Skin Test f 

Modified von Pirquet 

Result 

i 

j 

Xppeaianee of Reaction 

Sire 
(mm ) 

Coloi 

1/1/11 j 

^ L U 1 pet cent 0 T 


! 



1 Li. L 0 25 per cent 0 TJ. 


1 


1/2/11 

1 L U leaction In 24 horns 

Positiae 

5\4 i 

1 Slight ledncss 


Ij. L leaction in 24 houis 

None 



1/Vll 

L U reaction in 48 houis 

PositlAc 

G\5 

Aloderate redness 


Ij L leaction in 48 houis 

Slight 

O 

I Slight redness 

1/4/11 

L U reaction in 72 hours 

Positive 

7v7 

Moderate redness 


L L reaction In 72 houis 

Slight 

2 5 

' Slight ledncss 

1 


2 Tubfrcoeiv Adaiimstrvtion Thj r\i>fetic\li a 
Tan 15, 1911, tuberculin, 00005 gm , O T .Tan IG, 1911 local ledness 2~\2 cm. 
moderate, local tenderness, slight, local swelling, moderate Jan 17, 1911. local 
mines-! 4 n 3 cm moderate, local tenderness moderate, local swellini: moderate con- 
yltutional symptoms, none , sputum in 24 hours less 10 per cent , in 48 hours, less 

,11 ppf cent 

• 1 per cent O T causes 7 mm reaction in 72 hours and 0 25 pei cent O T causes 
-s' mm reaction Therefore the minimal cutaneous reaction is = 0 5 per cmt 
t Ij. U — left arm, upper test , L L. = left arm, lower test 
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ARCHIVES OF INTERKAL MEDICIRE 


As the 1 per cent solution caused more than 4 mm reaction and the 
0 25 of 1 per cent showed very little reaction, therefore the minimal 
cutaneous leaction was deteimined as 0.5 per cent 

If the tests are given singly, and it is necessary to give more than one 
test to deteimine the mmimal cutaneous reaction, a week should always 
be allowed to elapse bet^veen the tests 

We call a minimal cutaneous reaction one which gives redness, with 
some induiation, measuring exactl}' 4 mm in diameter within seventj- 
two hours We have found veiy few cases m which it is necessaiy to 
give only one test to determine the minimal cutaneous reaction, and 
duiing the past year all cases of tubeiculosis which came under our obsei- 
vation have given minimal cutaneous reaction to 5 per cent or less 

RELATION or DOSAGE OF TUBERCULIN AND MINUnL CUTANEOUS 

REACTION 

The quantitj of tubeiculin contained in 0 01 c c of that definite 
solution of tubeiculin which mil produce exactly the minimal cutaneous 
reaction vhich we call 4 mm in redness and induration at the site of 
application of the test will produce, when given subcutaneously, an area 
of ledness, tenderness and swelling measuring from 2 to 5 cm in diam- 
eter Table 2 shows this relation 


TABLE 2— SnOUIXG REL.\TrON BETU EEN MINniAL CUTANEOUS REACTION 
\ND THERAPEUTIC DOSE OP TUBERCULIN 


Percentacro of Tuberculin 
(0 T ) Producing 
Minimal 

Cutaneous Reaction 

Actual Amount of 0 T 
Applied to Skin 

Therapeutic Dose 
of 0 T 

0 05 

1/200 milligram 

1/200 milligram 

0 075 

3/400 milligram 

3/400 mllllg''am 

0 1 

1/100 milligram 

1/100 milligram 

0 2o 

1/40 milligram 

1/40 milligram 

0 5 

1/20 milligram 

1 1/20 milligram 

0 75 

V40 milligram 

3/40 milligram 

1 

1/10 milligram 

1/10 milligram 

2 

2/10 milligram 

2/10 milligram 

3 

3/10 milligram 

3/10 milligram 

4 

4/10 milligram 

4/10 milligram 

5 

1/2 milligram 

1/2 milligram 


That is, a patient showing mmimal cutaneous reaction to 0 01 e c 
of a 3 per cent solution of 0 T has 0 10 mg 0 T applied on the skin 
The corresponding therapeutic dose for this patient is 0 10 mg 0 T 
and if 0 10 mg 0 T is given subcutaneously, there will be a resulting 
local reaction of from 2 to 5 cm withm forty-eight hours 

By this method it is possible to determine a dose of tuberculin for 
each case which will produce exactly the same degree of local reaction in 
all individuals It will allow the determination of a perfectly safe dose 
varving at least 100 times in quantity During the past year we have 
confirmed the studies mentioned in last year’s paper that in tuberculin 
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dosage tlieie is, in individuals, a variation of the primarj* dose fioni at 
least 0,005 to 0 5 mg of tuberculin to pioduce the same amount of local 
reaction 

We have been disappointed that the method which we have outlined 
and used with so much satisfaction ourselves, has not been such as to 
meet with success m the hands of the general piactitioner, and we have 
this year had many communications asking for explanations of difficulties 
which have been encountered in utilizing this method 

It has been clearly demonstrated to us durmg the past yeai that it 
IS uecessary for those who wish to use this quantitative method to be 
thoroughly familiar with tuberculin work and the necessity foi the utmost 
care in making dilutions 

One of the greatest difficulties we have experienced m advocating this 
method is to get othei investigators to appreciate the fact that the definite 
quantity of tuberculin which we use in obtaining the minimal cutaneous 
reaction, i e , 0 01 c c measured by a throttle pipette, is impoitant not 
because a little more or less in quantity would vaiy the cutaneous leaction 
to a marked degree, but that it gives us a measuied quantitv of tubeiculin 
on which to base our therapeutic dose 

A^on Piiquet has repeatedlv and lately in his aiticle in Kiause and 
Levaditi,^ called attention to the fact that he does not consider this meas- 
ured quantity important, but he has failed to appieciate the fact that 
without this measured quantity theie could be no latio foi a definite 
therapeutic dose On the other hand von Pirquet and others have stated 
that the quantity of tubeiculin used in obtaining the cutaneous leaction 
IS not an important factoi , but we have found repeatedly, as the accom- 
panying illustrations demonstiate, that this is an exceedingly impoitant 
factor in the size of the leaction obtained, provided the othei features 
of technic have been obseived 

It seems likely to us that the chief difficulties which othei s have 
encountered in obtaining like results from the theiapeutic doses which we 
have described in oui forniei paper have arisen chiefly fiom eiiois in 
technic 

1 Failure to measure accuiately the 0 01 c c of tuberculin in obtain- 
ing the minimal cutaneous leaction Without this the method which we 
have advocated is, of course, useless, because the theiapeutic dose is the 
quantity of tuberculin which is contained in 0 01 c c of a given dilution 
vhieh will exactly produce a minimal cutaneous reaction (see Table 2) 
Ho approximate diop vdl allow the determination of the latio of the 
therapeutic dosage which is later to be given 

2 Failure to obtain a unifoim depth of scaiification in tlie skin test= 

3 Krause and LoAaditi Handbuch dci Tcchnik u :Methodik dcr Imninni 
kitsforsclmng p 197 Jena 1908 
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3 Failure to obtain exactly the minimal cutaneous reaction, i e . 
Gxactl} 4 mm in diameter. 

4 Failure to read the skin test up to the end of seventy-two hours 

o Inaccuiaci in making the dilutions of definite strength, both for 
the skin test and foi the therapeutic dose We would call attention to 
the fact that tv o sets of solutions are used one for skin-testing and the 
other for the therapeutic doses of tuberculin The foimer are straight 
percentage solutions 5, 4 3, 2, 1 to 0 05 per cent The latter are made 
in sequence, so that 1 c c of each solution equals 1 mg or more, or a 
fraction of a milligram For example 1 c c of Bottle 1 equals 100 mg 
1 c c of Bottle 2 equals 10 mg , 1 e c of Bottle 3 equals 1 mg , 1 c c of 
Bottle 4 equals 0 1 mg, etc 

6 In administering tuberculin, forgetting that the therapeutic dose 
must be an intiaeutaneous one to give the grade of response which we 
have described, and not a deep subcutaneous or intramuscular dose 

7 Failure to allow at least a ueek to elapse between the final reading 
of the skin test and the first theiapeutic dose of tuberculin 

In addition to these points, it is necessary, of course, to allow fourteen 
days to elapse between therapeutic doses 

From certain unknown causes patients vary in sensitiveness, even 
under treatment, from time to time, consequently the therapeutic reac- 
tions are not always of exactly the same size, variations of 1 to 2 cm in 
the therapeutic reactions following each other at stated periods being quite 
common, and jet a more pronounced reaction may be followed by a less 
pronounced reaction and this followed for many months again by a 
reaction of the same grade which is desired for the patient We feel that 
all patients under tuberculin treatment should have their dose confirmed 
or changed by means of determination by the skin test everj^ three months 

It will be noted that all but two of these patients gained m weight — 
these two instances being Patient 8 and Patient 30 Patient 8 was much 
above normal weight at 130 pounds In Case 30, tuberculin treatment 
until Januarj’’ At that time she had many severe hemorrhages and lost 
26 pounds in weight ' Tubeiculin was discontinued and has not been 
given since 

Case 33 shows the greatest numbei of therapeutic doses given extend- 
ing over the longest period of time This case is of interest inasmuch as 
the same dose of tuberculin which is marked in the table was given for 
SIX months prior to Jan 29, 1910, each time with a local reaction of 
between 3 and 4 cm This dose was really arrived at aibitrarily in July, 
1909, and in January, 1910, as the table shows, the skin test was given to 
determine the minimal cutaneous reaction which was found to be 1 per 
cent The same dose, 0 1 mg 0 T , was continued This means that 
Case 33 has had thirty-five injections of the same dose of tuberculin 
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(0 1 mg ) extending ovei a poiiod of t^^ent 3 ^-one months with constant 
degree of leaction 

Tt should be noted tliat these cases fall under thiee classes incipient, 
ad^anced and fai advanced, and that the age vanes fiom 9 to 54 years, 
that the length of constant reaction to the same dose varies from foiii to 
fifteen months, and that the a\erage size of the leaction on the first 
theiapeutic dose shows veiy little ^a^]atlon — fiom 2 to 5 cm 

In Cases 4, 19 and 22 it w'lll be noted that there have been vaiiations 
in the sensitneness of the patients All three of these patients have 
become less sensitive The laiiation was first noticed with the theiapeutic 
dose and was later ^erlfied b^ the minimal cutaneous reaction to be 
actually a change m the sensitneness of the suiface cells This subject 
will be taken up later in the discussion of Table 4 


TVBLE 4— SHOWING (1) THE W’IDE \ VUIATIOX IN SENSITHENESS TO 
lUBERCULIN n\SED ON MINIM \.L CUTANEOUS IlEACTION , AND (2) 
^ARIVTION IN DOSAGE WHICH WIDE GIVE APPROXIMATELY THE 
S VME RE VCTION IN PATIENTS DIFFERING IN EXTENT OF DISE VSE * 
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We have included m Table 3 only thirty-three patients out of a total 
of 161 individuals who have been treated during the past wear on this 
basis If all the 161 cases were tabulated it would simply be a duph- 
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cation of the thirty-three as shown here which have been chosen at 
lanclom from the whole series 

Table 3 shows clearly that, having obtained in each patient a minimal 
cutaneous reaction (4: mm in measniement in each case) to 0 01 e c of 
a definite solution of tubercnlin, the same quantity of tuberculin intro- 
duced subcutaneously gives in all patients a local reaction of from 2 to 5 
cm at the point of inoculation 

The results in this table show the vaiiation in degree of sensitiveness 
in twentv-foui cases It will be noticed that the patients vary in age from 
8 to 50 yeais, in amount of disease from incipient to far advanced, in 
degiee of sensitiveness (as shown b}^ the minimal cutaneous reaction to 
0 01 c c ) fiom 0 05 of 1 per cent to 5 pei cent , a difference of 100 times , 
and in dosage, based on the quantity of tuberculin contained in 0 01 c c , 
from 0 005 mg of tuberculin to 0 5 mg of tuberculin, a difference in 
quantity of 100 times, resulting in approximately the same degree of local 
reaction at the point of inoculation of the therapeutic dose 

Idle results in these twenty-four cases, which have been chosen to show 
the wide variation in sensitiveness, were duplicated in each of the 161 
individual patients who have been undei this treatment during the past 
year Theie is no possibility of grading the dosage of tuberculin accord- 
ing to the extent of disease In other words, the variation of sensitiveness 
IS a more subtle thing than the variation in extent of involvement 

The past yeai s work has determined the following points 

1 It will be seen that these tables veiify our contention in former 
papeis that it is possible to determine the quantity of tuberculin on the 
basis of the minimal cutaneous reaction which will give the same lesult 
in any group of patients requiring tuberculin treatment, even though 
these patients diffei in their sensitiveness in wide degree 

2 The leaction i espouse having been detei mined to an individual 
dose of tuberculin in any given patient, this patient continues to react in 
the same wai^ to the same dose given every fourteen days for periods as 
high as tventi-one months, which is the longest time any individual has 
had tubeiculin undei this method and the vast majority of patients con- 
tinue to leact in the same nay to the same dose gnen ever) fourteen day's 
without change in the character of the reaction 

3 In a fen cases which have been under observation during active 
disease and ariested disease (National Association Classification) we have 
found that these cases lose their sensitiveness to tuberculin after becoming 
ai rested, and that inci easing doses may be given every fortnight with the 
same oi diminishing local reaction as obtained formerly by the thera- 
peutic dose detei mined on the minimal cutaneous reaction basis It 
occuiied to us that it would be of inteiest to increase the dose in such 
paheiits and subsequenth test the skin sensitiveness of these patients to 
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determine whether the relation of skin sensiiiveness to the therapeutic 
dose was present We Mere able to make this investigation in only two 
cases 

Cask 1— Patient, male, aged 30, with a lesion, advanced. Tin ban II Ilie 
oiiginal dose of tuberculin determined on skin sensitneness vas 0 05 mg 0 T 
After the case became arrested (Kational Association Classification) the sensi- 
tneuess became less until finally the patient ^\as gi\en 4 mg — this aftei a 
peiiod of a jear in ivliich no determination Jiad been made of his skin sensitive 
ness To 4 nig he had a local reaction of 3 cm vith absolutelj no constitutional 
reaction of any kind Tuo ueeks after lie ■nas given the 4 mg he uas given 0 01 
c c of 40 per cent 0 T on the skin, and gave a reaction of 6\4 mm within 
sev enty tvv o hours 

Case 2 — Patient, male, aged 24, with a lesion, advanced, Turban II This 
patient liad been under tuberculin treatment for two jears Wlion first coming 
under observation the case was quite active, but for the past siv months has 
been an arrested case (National Association Classification) Tlie original dose of 
tuberculin given was 0 025 mg 0 T As the patient’s sensitiveness diminished, 
the dose was increased until he was getting 1 mg 0 T On 1 mg the local 
leaction measured 3 5 cm at the point of inoculation Two weeks after this 
was administered, he was given 0 01 of 10 pei cent 0 T on the skin, the result 
ing reaction being 4 mm 

Patient 1 tvas a private patient living some distance from Pittsburgh, 
and it was impossible to keep him under longei observation In Case 2 
a therapeutic dose of 1 mg was gnen fourteen da 3 's after the skm test 
of 10 per cent was administered, and the patient again showed a local 
reaction at the point of inoculation of 3 5 by 2 5 cm 

4 We were unable before this year’s w'oik to state with any degree 
of certainty the partition dose of tuber culm on the basis of the minimal 
cutaneous reaction which wmuld give no reaction at the site of mjection 
In our last paper we suggested that, on the basis of a few cases, one-tenth 
of the minimal cutaneous dose would produce no local reaction The 
partition dose we have found during this 3 ear’s work to be one-thiitieth 
of the amount of tuberculin used to obtain the minimal cutaneous reac- 
tion, as will be seen by Table 5 

Prom Table 5 it is seen that the dose of tuberculin must be reduced 
to one-thirtieth of the dose causing 3 to 5 cm of reaction before all 
patients refuse to react 

5 In our last paper we stated that ten times. the minimal cutaneous 
reaction dose of tuberculin given subcutaneously would cause constitu- 
tional as well as local reaction Necessarily this figure is more difficult 
to determine in the patients than the fraction of the minimal cutaneous 
dose which would cause no reaction, but in a few cases during the past 
j^ear we have seen that this figure of ten times is correct In fact, in one 
case foul times the mimmal reaction dose, given subcutaneously, caused 
slight constitutional reaction We bring this point out especially to show 
how near the border-line of general reaction it is possible to go with a 
therapeutic dose given on the basis of a minimal cutaneous reaction 
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TABLE 5— SHOWING THE PARTITION DOSE OF TUBERCULIN ON THE BASIS 
OP MINIMAL CUTANEOUS REACTION HICH WILL GIVE 
NO REACTION IN PATIENTS * 


Date 

Nmubcn of Patients 
Given Tuboiculin 

Fi action of Minimal 
Cutaneous Reaction 
Dose 

Reaction 

1 

1 

4-i 

a 

a 

o 

o 

Ph 

« 

No Reaction 

Pei Cent 

i 

Remaiks 

2/22/11 

44 

1 

1/10 

33 ! 

I 

75 

11 

25 

Redness — Size 

varied from 0 5 to 3 cm , 





1 



average, 1 2 

cm , ‘flight in degree 

3/ S /II 

44 

1/20 

24 

55 

20 

4o 

Redness — Size 

varied from 1 to 3 cm , 








average, 1 cm , very slight in degree 

4/5/11 

28 

1/50 



28 

100 



4/19/11 

8 

1/40 



8 

100 



4/10/11 

24 

1/30 


1 

24 

100 




* It will be seen that 1/10 ot the quantity of tuberculin producing the minimal 
cutaneous reaction causes local leaction in 33, or 75 pei cent of the cases, 1/20 causes 
local reaction in 24, oi 55 pei cent of the cases, and 1/30 gives no reaction whatever 


6 In a senes of forty-six cases the therapeutic infection of tuberculin 
was given deeply m the triceps muscle There was in these cases, as would 
be expected, no visible redness and swelling, and in only a few cases was 
there even the slightest tenderness at the site of inoculation It might 
have been, expected that the more rapid absorption of tuberculin from the 
intramuscular injection would produce a constitutional reaction, but this 
was not so in any case 

This point has strengthened our belief in the supposition that there 
IS something in the response which the skin cells make to the injection of 
tuberculin which is valuable in this form of medication 

We have for some years had the impression, without being able to 
devise experiments to piove it, that the antibodies which accompany thera- 
peutic usage of tuberculin are mamly produced b}" the skin cells, and that 
produced around the site of the injection of tuberculin, is the reactiop 
vhich produces the substances which result in the beneficial effect oi 
the response, as evidenced by redness tenderness and swelling which i'^ 
tuberculin dose 

It will be interesting to follow the lead of Auer and ]\relt7er^ in testing 
the absorption from intramuscular tissue in various regions with the 
possibiliti’^ that it may be found that reaction and absorption mav vary 
m muscles in different paits of the body 

We have not yet been able to demonstrate that provided the patient 
remains quiet, there is anv variation in the sensitiveness of the surface 
cells in different parts of the body either to skin test or to therapeutic 


■i Auer and ^feltrer Jour Exper IMed 1911 ■'iii 328 
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doseo given intiacntaneously Having once detei mined the quantih of 
tuberculin which will produce a certain giade of leactioii, it vill produce 
this giade of reaction in any part of the body vhich ue have }et tried 
Haturally this applies only to those parts of the bod}, such as legs, aims 

01 trunk, uheie such in3ections Mould be likely to be given and not to 
sucli parts of tbe body as liands and feet, ulieie the peculiaiit} of the 
skin surface is maiked 

ATYPICVL CVSl^ 

In the past }eai there haic been thiee cases in mIiicIi the theiapeutic 
dose on the basis of the mmimal cutaneous reaction has been larger than 
M'e expected AYe have no explanation to offei for the failuie of these 
case^ The sensitiveness wa': determined in the usual uav 1 e b^ means 
of the slan test, but the tiist theiapeutic dose of tuberculin pioduced a 
much laiger local reaction than we expected (ovei 5 cm) On returning 
to the skin test we found in each case that the skin sensitiveness was 
much gi eater than was obtained in the fiist test, i e, that the minimal 
cutaneous reaction uas obtained to a much weaker solution of tuberculin 
than in the first test, and the second theiapeutic dose of tubeiciilin detei- 
mined b} the second skin test caused the usual local leaction of fiom 

2 to 5 cm 

We are loath to suggest that this atypical condition aiises fiom the 
technic of detei mination of dose as this has all been done b} one of us 
and great care has been exeicised in order to prevent such occurrence 
We have some suspicion that rapid changes m sensitneness may occur 
m the body from causes other than the administration of tuberculin We 
shall hope to make a further leport on these at}pical cases at a later date 

In this connection u e desire to emphasize the necessity for the same 
person to determine all doses in any given group of cases, as the personal 
factor in this, as in all laboratory methods, is of importance For this 
reason we feel that judgment should be passed on the principles contained 
in this paper and not on the results of any one man failing to carry out 
the technic and precautions of this administration 

EinDEXCES OF BENEFIT 

In our patients, so striking has been the comparison of improvement 
beWeen the piesent and the past that, when we compare the results from 
the administration of tubercubn based on the principle of securing reac- 
tions, and the results obtained in patients when we gave tuberculin with 
the desire of producing tolerance, we no longer have an}"" doubt as to the 
proper method of administration It is the moie or less constant result 
of the administration of tuberculin in the dose which will produce a mild 
reaction, that the patient feels better, coughs less, and expectorates less 
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even so maiked i eduction in amount of sputum as 50 to 70 pei cent in 
the forty-eight hours following tuberculin, being of fiequent occuiience 

Perhaps the most striking of all results of tuberculin administration 
]s the improved resistance and ability of the patient to stand exercise and 
stiain We feel that it is not too much to claim foi this method of admin- 
istration that it IS the only plan of administration of tuberculin based on 
sound pimciples, and that it should rapidl}’- supersede any attempt at 
auto-inoculation by exercise, which has in our hands, and in the hands 
of others, produced such dire results 

It seems necessary to add a caution which we often take for gi anted 
as general knowledge, that tuberculin should only be given in suitable 
cases We feel that tuberculin should be given only to patients (1) whose 
maximum daily temperature does not exceed 99 6 F , (2) who are faiily 
veil nourished, (3) whose general outlook seems favorable 

CONCLUSIONS 

1 It IS possible by testing the sensitiveness to tubeiculin of the sur- 
face cells of a tuberculous patient to determine the quantity of tuberculin 
which, when given subcutaneousljq will produce a ceitain grade of 
reaction 

2 It IS possible to obtain the same grade of reaction in any given 
number of patients, even though the quantity of tubeiculin to pioduce tlii': 
leaction varies and the condition of the patient vanes 

3 The variation in the quantity of tuberculin necessary to pioduce 
the same grade of reaction in all cases is 100 times 

4 It IS not possible to determine by the extent of disease, age or con- 
dition of the patient the principle underlying this variation 

5 The administration of tubeiculin in doses which produce these 
mild (local) leactions has given the best results of any method of tuber- 
ni1in theiapy which we have used 
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ModeriV liJEAiMiiNT Hie j\raiingeincnt of Disease ^\]tll Medicinal and Non 
Medicinal Remedies In Conti ibutions by American and Foieign Aiithoiities 
Edited by Ilobait Anioiv Ilaic, MD Piofessoi of Tborapontics and Mateiia 
Medica, Jeffcison Medical College, Plnladolpliia, Assisted by IT R M Landis, 
MD , Director of the Clinical Department of the Phipps Institute (Unneisih 
of Pennsylvania) In Ti\o Volumes Vols I and II Cloth Puce. ^0 net 
Pp 1830, ivitli 193 illiistiations Philadelphia Lea <SL Fcbigei (1010) 

So much laboi and pains bj wise and skilful men for no better lesiilt' What 
a pity’ The day of compound books by many authors is past Am article good 
enough to be worth inclusion in such a woik should be punted “epaiatel} 
Landis’ fine sunimaiy of the tieatment of tubeiculosis ought to be in the hands 
of thousands who can ncvci buy these bulky volumes So with Riesman on 
typhoid and Leonard Rogeis on plague Ihey will not reach the readeis who 
need them most 

Most of the chapteis are evcellently done, paiticulailj those wiitten bi 
clinicians wdio aie not the partisans of nn\ single theiapoiitic method Especialh 
valuable aie those by iMeaia on pneumonia and plcuiisy, Dunn on nieningitis, 
Pottei on vaccine theiapy, Joslin on diabetes and Sailei on stomach diseases 
The ai tides on mineral springs, electrotherapy, lest cure and influenra are 
poor An unciitical, credulous and piejudiccd spiiit peivades them Especially 
out of place are tlie “Geneial Consideiations” on pharmacologj’ tovicology and 
piescnption writing, winch seem to have stiajed out of the last centurj Take 
foi example this statement (Vol I, p 121) “When a patient is taking digitalis 
in full doses, he should be kept horirontal, as syncope is apt to occur on Ins 
suddenly assuming the erect posture” Anyone who has ever treated unconipen 
sated heart disease know's that the erect or forw'aid bending postuie is the onlj 
one that can be assumed by a consideiable pioportion of those who need digitalis 
in full doses 

In the section on hygienic nieasuies, the statements about caiboii dioxid 
(p 438) are quite out of date The otherwise excellent section on serum theiapy 
contains no adequate lefereiice to the phenomena of anaphylaxis, or to Cnle’s 
valuable suggestion of direct transfusion in obstinate oozing Iiemoirliage 

The reviewei agrees wuth most of the views of Dr Potter, as to vaccine therapj 
but considers him ovei enthusiastic as to the lalue of antipneumococcus and anti 
streptococcus seia 

With a consideiable poition of Volume II, the piesent reviewer is not com 
petent to deal (diseases of the eye, ear, and skin and tropical diseases, etc ) 
Craig on the treatment of malaria is excellent, once he gets thiough with his 
section on diagnosis (it is an old failing of wwiteis on treatment to succumb to 
the temptation to stray into fields of diagnosis) 

The article on the tieatment of sjphilis is the best known to the reviewei 
That on the dysenteries is excellent 

Mackensie on heart disease is suggestive and interesting but quite inadequa e 
foi the purposes of this book 

Among misprints may be mentioned “adiemhn vein” for “adrenal vein 
(Vol I p 569) 
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STUDIES OE MALAEIA lU PANAMA III THE ETIOLOGY 
OE THE EEYTHEOLYTIC HEMOGLOBINUEIC 
TYPE OE BLACKWATEE EEVEE 

A PRELIMINARy REPORT 
WALTER V BREM, MD 

LOS ANGELES 

Last 3^ear, m a paper^ lead before this societ}', I proposed that the 
terms ^d)laclavater fever/^ etc , be abandoned, and that the fever moie 
or less closely connected with malaria and accompanied by hemoglobinuria 
should be divided into two groups, '^^pernicious malaria with hemoglobin- 
uiia” and ^‘eiythrolytic hemoglobinuria,” the latter being the t3^pe most 
commonlj’- meant by the old terms I reported eight successive cases of 
pernicious malaria in which hemoglobinuria was demonstrated by the 
guaiac and turpentine test The degree of hemoglobinuria varied from 
a mere trace, demonstrable only by the special test, to the intensity of 
black-water in two eases 

It was my idea then that the mechanism of the production of hemo- 
globinuria in the two types diffeied I thought that in the first type the 
preceding hemoglobinemia was brought about b}’^ the destruction of 
innumerable eijthrocytes, each by its infecting parasite, the unused hemo- 
globin being set free in the plasma In the second i^^pe, the theory is 
generally accepted that theie is an erythrolysis due to an unknown 
hemolysin 

Since the report was made, I have studied nineteen additional cases 
of pernicious malaria with reference to hemoglobinuria, making twent}’’- 
seven cases m all In tv’-enty-two of these hemoglobinuria was demon- 
strable In eight instances there weie traces only of hemoglobin in the 
urine, m seven the gross appeal ance of the urine suggested the probability 
of hemoglobin, in the othei seven cases the hemoglobinuria was of black- 
watei intensity Eour of the five patients without hemoglobinuria v ere 
comatose with but few paiasites in the peripheral blood; two died and at 

*Read at the eighth annual meeting of the American Society of Tropical 
J'ledicine, New Orleans, INIay 18, 1911, being the result of studies in the Colon 
Hospital, Cristobal, C Z 

1 Brem, W V The AEcnivES Inx ISIed, 1911, vii, 153 
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autopsy the biain capillaiies weie found to be thiombosed and contained 
numerous parasites, while theie were but feu in the spleen and bone- 
marrow The fifth patient had a heavy peripheral rnfection, about 9 per 
cent of the corpuscles containing parasite*! He was very ill, but did 
not become comatose and no hemoglobin could be demonstrated in his 
urine 

Table Showing Relation BnruicN the Nlubir oi Parasitis in the Per 
IPHERAL Blood and thi Di/srll oi Hi moglobinuria 

Infected Corpuscles Counted Infected Coipuscles Estimated 

Per Cent Degree of Ilemo Per Cent Degree of Hemo 



Infected 

globimn la 


Infected 

O 

globimiria 

1 

43 

+ + 

15 

8 10 

0 

2 

29 

+ 

IG 

5 10 

d — h 

3 

23 5 

+ + 

17 
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+ 

4 

17 G 

+ + 

18 
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+++ 

5 

15 G 

+ + + 

19 

5 10 

+ 

6 

15 4 

+++ 

20 
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+ 

7 

12 G 

+ + + 

21 
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++ 

8 
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+ + 

22 
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+ 

9 
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23 
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0 

10 

G2 

+ 

24 

1-2 5 

+ 

11 

32 

+ + + 

25 

1- 2 5 

0 

12 

23 

0 

20 

1- 2 5 
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13 

2 

0 

27 

1-2 5 

+ 

14 

15 20 

+ + + 





+=Trace, -1 — }-=:gross appearance of mine suggestne of hemoglobmmia, 
-f- -j — [-=blackwater 

After the discovery that liemoglobinuiia was an almost constant phe- 
nomenon in pernicious malarial infections, the question at once arose 
as to whether or not the fact could throw light on the etiology of eirthro- 
lytic hemoglobinuria There were tuo of the cases uhich w^ie difficult 
to classif}’’ The coma with a moderate malarial infection (2 or 3 per 
cent of infected corpuscles), and the absence of marked ;)aundice and 
vomiting seemed to place them in the pernicious group, virile the inten- 
sit}" of the liemoglobinuiia (blackwater) suggested the orythrolytic gioup 
They were border-line cases and suggested strongly a connection between 
the two Finall}", a case that seemed to be even more of a clinical link 
occurred The patient was admitted one afternoon, at ulnch time it 
was found that 9 per cent of his corpuscles were infected with 3 mung 
forms of estivo-autumnal parasites The urine was not liemoglobinous 
It was estimated that the group of parasites would spoiulate during the 
evening of the following da}^, and it was thought that then hemoglobin 
might be demonstrated in the urine The expected paioxjsm of fevei 
occurred late in the afternoon, it was accompanied by vomiting, and 
jaundice rapidly developed, at 9 30 p m the first urine was passed and 
was found to be typical blackwater, the parasites, which had been numei- 
ous all day promptly disappeared and none could be found the follouing 
morning The peripheral infection in this case was sufficient to classify 
it as pernicious, while the paroxysm, which came approximately at the 
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time calculated fiom the blood examination, was t3-pical in evei^^ lespect 
of eiythrolytic hemoglobinuria, and was undoubted!}^ associated with 
sporulation of the large group of parasites 

Before this time we had had all grades of nialaiial infections, fiom 
mild up to 5 or 6 per cent infections of the erythrocytes, associated with 
t^^pical er3dhrolytic hemoglobinuria In many of the most seveie cases 
the parasites were few or absent, while in some of the mildest cases they 
were numei ous In ordei to see if the same lack of relation between the 
number of parasites in the peripheral blood and the degree of hemoglo- 
binuria obtained in pernicious malaria with hemoglobinuria, the percent- 
age of infected corpuscles in the pernicious cases was determined and 
compared with the degree of hemoglobinuria 

My original idea was that the degree of hemoglobinuiia in pernicious 
infections would vary with the absolute number of parasites, but as fai 
as can be judged by the peripheral infection, the accompanying table 
shows that such is not the case The absolute iiumbei of parasites may be 
considered as being equal to the sum of the parasites in the peiipheral 
circulation and the internal oigans We know that a scaicity of paiasites 
in the peripheral circulation does not indicate a scarcity in the internal 
organs, liut a heavy peripheral infection does indicate a heavy internal 
infection Gi anted that m all the light peripheral infections in the above 
table theie was a heavy internal infection, it seems reasonable to assume 
that there was a still heavier internal infection associated with the heavy 
peiipheral infections Autopsy findings, also, indicate that this is the 
case Theiefore, for purposes of compaiison, the peripheral infection 
may be consideied a rough indicator of the absolute number of parasites 
If the criterion of infection is valid, it is evident that the hemoglobinuria 
of pernicious malaria has this in common with that of ei3dhiol3t]e ]iemo- 
globmiina^ that the intensity of the hemoglobinuiia is not directlv related 
to the absolute number of malaiial parasites Fuithei, it seems probable 
that in some pernicious infections the destruction of corpuscles and the 
liberation of hemoglobin is not confined to the infected eiythroc3tes 

These facts support the theoi3'^ that malarial paiasites piodiice an 
hemolysin that varies in the intensity of its action in difCeient hosts or 
under different conditions of environment, oi that some strains of 
malarial parasite ma3'^ elaborate a laigei quantit3’^ of oi an especiall3' povei- 
ful. hemolysin That the malarial parasite does generate an heraohsin 
ma3’ be reasonabl3'^ inferred from the fact that it utilizes the hemoglobin 
of the infected cell, piobabl3^ as a food Brovn~ has shovn recenth tlial 
malaiial pigment is hematin, and this pioves that the paiasites oi then 
products have a powei to bieak up hemoglobin He suggests that tlip\ 
possess a proteol3tic enzyme ^\hate^el maA be the natuie ol tbc -ul)- 

2 Bwmi, W H Jour Exper Med mil xni Xo 2 p 200 
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stance it probably acts, first, by dissolving the hemoglobin, which passes 
into the paiasile by osmosis, and is theie decomposed into globnlm and 
hem atm 

I have begun some expeiiments that so far seem to indicate that 
inalaiial oiganisms do geneiate an hemoljsin In several experiments 
malaiial infected blood was quickly defibrinatcd while kept at about 
37 C . and measuied quantities were placed in sterile tubes as Collows 

IHibe 1 Defibnnntcd blood 0 8 c c 

Tube 2 Defibrinatcd blood 0 8 c c plus 0 2 c c of 0 05 per cent qmnm in 
0 9 per cent salt solution 

IMbo 2 Dofibnnated blood 0 8 c c plus 0 2 c c of 0 1 per cent quinin in 
0 9 per cent salt solution 

Tube 4 Defibrinatcd blood 0 8 c c plus 0 2 c c of 0 026 per cent quinin in 
0 9 per cent salt solution 

The tubes weie incubated foi foity-eight hours, during which time 
they weie shaken four times Cultuies on agar wcie then made to exclude 
contaminating hemophilic oiganisms Tlie tubes uere centrifugalized 
and readings made, compaiing hemolysis vith that of contiols of normal 
blood similarly tieatcd The quinin added to Tubes 2, 3, and 4 gave 
solutions of quinin 1 to 5,000, 1 to 10,000, and 1 to 20,000, respectively, 
approximating concentrations in the ciiculating blood vhen given thera- 
peuticall) The results, so far, ma} be summaiized as follows 

1 Malarial defibi mated blood showed gieatei hemolysis than the 
same blood to wdiich quinin had been added, and gi eater than the controls 

2 Tlie qumm tubes shoved degrees of liemolysis that varied m pro- 
portion to the stienglh of solution in one expel iment, and m another 
m mveise propoition In the lattei instance, the parasites weie not as 
promptly killed by the iveaker solutions as they were in the former, and 
it seemed that parasitic hemolysis was added to qumm hemotysis, thus 
causing hemolysis to varj^ mveisel)'^ as the stiength of the qumm solution 
Hone of the qumm tubes, however, showed as much hemotysis as the tubes 
with only defibrinatcd malarial blood 

3 Smears made from the defibrinated blood after incubation showed 
malarial parasites in various stages of degeneration Many of the original 
unpigmented forms grew larger and became pigmented before death 
These larger parasites were invariably found m corpuscles partly or com- 
pletely hemolyzed The majority of the parasites, however, appeared to 
have died quickly In the stained specimen they appeared as round blue 
dots, the cliromatm having lost its acidophilic power, and then corpuscles 
were never hemolyzed In the strongest qumm solutions the parasites 
seemed to have been killed quickly and no hemolyzed coipuseles containing 
parasites could be found Crescents retained a fairly normal appearance 
for forty-eight hours in defibrinated blood, but they were distorted into 
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bizarre shapes and spheiical masses b}’- the qumm^ and their staining 
properties were markedly altered 

It may be said that the experiments demonstrate that malaiial para- 
sites or their products possess a certain power to hemolyze red corpuscles 
Only the parasites that underwent some growth in the incubator exhib- 
ited this power The expeiiments are too few to permit further conclu- 
sions, but they seem to indicate that quinin m salt solution, added to 
malarial defibiinaied blood in quantities approximating therapeutic 
strengths, inhibits parasitic gioivth and parasitic hemolysis, and that the 
quinin itself produces some hemolj^sis in fortj^-eight hours, the hemolysis 
being of about the same intensity as that in control tubes of non-malaiial 
blood 

Similar experiments have been cairied out in seven cases of erythro- 
Ij^tic hemoglobinuria The lesults showed no marked deviation from the 
normal Corpuscles from different patients seem to vary slightly in their 
resistance to the quinin solutions 

In the seven eases of erythrolytie hemoglobinuria, the serums and 
corpuscles were tested against normal serums and corpuscles, and with 
seiums and coipuscles of other hemoglobinuiic patients In no case has 
any hemolysin been demonstrated, the lesults agreeing with those of 
Barratt and Yorke ^ The hemoglobinunc bloods tested against normal 
bloods have fallen naturally in the agglutination groups determined by 
Moss ^ 

Group I — 2 cases Group III — 0 cases 

Group II — 1 case Group IV — 4 cases 

In certain mstances I have found that hemoglobinunc serum pos- 
sessed atypical agglutinating poweis against coipuscles of otl^er herao- 
globinuric patients Tor instance, the serum of Group I normally should 
not agglutinate corpuscles of any group, and the coipuscles of Group lY 
should not be agglutinated by an}’^ serum But I found that the serum of 
both of the hemoglobinunc Group I patients agglutinated hemoglobinunc 
Gionp IV corpuscles. I do not j^et know what significance this may have, 
but it IS Intel esting to note in connection with it that m two instances I 
observed in smeais from hemoglobinunc patients phagocytosis of red 
corpuscles Ottenberg observed this lattei phenomenon in smears from 
the blood of patients transfused with blood of donors belonging to another 
gioup, the corpuscles of which vere agglutinated bj the patient’s serum. 
In the hemoglobinunc seium the at3pical agglutination of other herao- 
globinunc corpuscles and the autophagoej'tosis of eiythrocytes suggest 
the presence of an agglutmin not present in normal blood Hemol}sins 

3 Barr.att, J 0 W and Yorko, W Ann Trop Med and Parasit, 1909, iii, 
Xo 1. p 1-250 

J Moss, L Bull Johns Hopkins Hosp 1910, xxi 03 
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m noinial serums lla^e ah\ays been found accompanied by agglutinins, 
but the ]ieniol3^sins can be destio3'cd (b3'^ desti03ung the complement) 
without affecting the agglutmin It seemed possible, therefoie, that in 
liemoglobinuiia, the complemeni might liaAe been absoibed and so the 
demonsti ation of an hemolysin pi evented But when complement was 
added to hemoglobmuiic seiums by adding scimn of a normal peison 
belonging to tlie same gioup no hemol3sis occurred The hypothetical 
heraol3sin appealed to have been completely absoibed. oi used up during 
the piocess of 013 thiol) sis 

Tliiee guinea-pigs weie inoculated uith blood fiom tliiee patients with 
ei3thiol3tic hemoglobinuiia Tuo pigs that loceived G and o c c of blood 
died y\it)vn ihni}~Ei\ liouis The thud leceived 5 ec and appealed ill 
foi about tuo da3s, but lecoveied None loided liemoglobinous mine and 
the autoijsy urine did not 3ield a positne guaiac and tuipentine leaction 
At autops3 a somewhat greatei quantity of blood3 fluid ivas piesent in 
the peiitoneum than had been injected, but tlieie seemed to be no other 
lesions A small quantity of heait's blood fiom each of the tivo dead pigs 
was injected into othei pigs intiapeiitoneall3 Thej lemained unaffected 

ffinall3, one othei e\poiinieiit w^as made winch I hesitate to leport 
because it is open to certain objections, and because it has not been 
repeated on account of the fact that we have not since had a suitable 
case As it is, howevei, the cxpeiimeni is of such inteiest that it seems 
justifiable to present it 

The blood of a patient with a veiy heavy estivo-autumnal malaiial 
infection w'as laked immediatelj wnth steiile distilled watei, and the 
stromata of the coipuscles quicklj'' thrown dowm witli the centiifuge A 
smear showed that many paiasites weie tin own down with the stromata 
The supernatant fluid was lemoved and the sediment was giound witl^ 
steiile sand and then was taken up with a small quantity of distilled 
watei, with wdiich it was allow^ed to lemain in contact foi some time 
Then an equal quantity of 1 8 per cent salt solution was added It w'^as 
thought that an extract of paiasites m 0 9 pei cent salt solution might 
be obtained in tins waj’’ A small quantity of this extract was added to 
an equal quantitj'^ of a 5 per cent suspension of noimal coipuscles, and 
the mixture incubated ovei night Complete hemoljsis took place A 
platinum loopful of the parasite extiact was then added to 0 25 c c of a 
5 pel cent suspension of noimal corpuscles, and again hemotysis w^as 
complete after incubation over night A control made with a similar 
extiact of leukocjdes show^ed no liemotysis Howevei, as a transplant 
fioin the parasite extiact on agai show’^ed the presence of a contaminaiing 
bacillus, which had piobably pioduced the hemol3’’Sis, I lost interest in 
the experiment, and put aside the extract in the ice-chest Several days 
later the extract was tested again against normal coipuscles and no hemo- 
Ij^sis was obtained The contaminating oiganism was still piesent If 
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it had caused the hemol3sis in the fiist tests,, hemolysis should have 
occuired, also, in the last As the first culture of the contammatmg 
organism had been saved, it was inoculated into a 5 pei cent, suspension 
of noimal corjiuscles No hemolj^sis took place This appears to exclude 
the possibility that the hemolysis in the first tests was due to the contami- 
nating oiganism, and since no hemolysis was obtained with leukoe3’’tic 
extiact, it seems plausible that the first hemolysis was due to an hemolysin 
denved from the estn o-autumnal malarial parasites 

If this expel iment can he repeated, and if an hemolysin in solution 
can he obtained in considerable quantity from malarial organisms, an 
interesting field of expeiiment will he opened, and the question of the 
relation of malaria to 013^111013^10 hemoglobinuria should be definitely 
settled It IS probable that such an extract of parasites would in large 
quantities reproduce the phenomena of the disease in animals, and that 
m animals an antihemolysin might be stimulated by repeated small doses 
sucli as the infected man ma3’’ receive during the incubation period 
Quinin may inhibit the development of the antihemolysin Numerous 
other experiments suggest themselves, a discussion of which at length 
V ould be premature 

SUMXIARY 

1 A consideration of pernicious malaria with hemoglobinuiia, and 
the tiansition cases between it and eiythiol3dic hemoglobinuria, stiongly 
inclines one to believe that both forms are due directly to an hemoh'sin 
produced 1)3 the malarial parasite The estivo-autumnal organism is 
neail3 always the one concerned 

2 The mechanisms of the production of the tvo tvpes are, it is 
thought essentially the same, but differ markedly as a rule, in degree 

3 Tlie small amount of experimental evidence so far collected tends 
to confirm the above views 

4 One of tvo explanations may account for the nregulaiity and 
iiifiequenc3 of hemoglobinuiia in malarial infections 

A Different strains of paiasites mav generate hemoljsm that laiies 
in quantity or intensity yitli the strain or yitli emironment that is 
inimical to the parasites, such as qiiinin or lelatne immiiniU to malaria 
lesulting from pieyious infection^ 

B An antihemoljsin may be formed as i rule, during the incuba- 
tion period of malarial infoctioii« yhen gradually increa'^ing do=05 of 
parasitic hemoh sin are presumably being liberated In this ca«o quinin, 
exhaustion exposure etc , may inhibit the production of antihemoh sin, 
e^pecialh 111 debilitated persons lyho haic suffered from preiious malaria 
In pernicious infections antihemoh sin formation may be good but the 
production of hemoh sin by enormous numbers of parasites may be ^uf- 
ficient to more than neutralize it 

1 Mish to thank Col VT C Gorgas Chief Sinitan Officer fo’- permission to 
publish this p-iper 

XoTC — ^Sinoe the aboic paper was written Zeiler and I haie obtained two 
moie exti.icts of parasites from the different pernicious malarial infections Tlie 
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cvtracts -ttcie made like the one repoited above, except tliat grinding of the sedi- 
ment with sand Mas omitted Both of these extracts contained a fairly strong 
hemolysin Tliree parts of the extracts hemoly^ed completely one part of a 6 
per cent suspension of erythrocytes in fiom twenty minutes to one hour Tlie 
hemolysin was thcrmolahile, its action Mas inhibited by one part of serum from 
1101 mal pel sons, fiom one patient M'lth pernicious malaria (the patient from 
Mhom one extract was obtained), and fiom tMO patients with erythrolytic hemo- 
globinuiic fever The antihemoljsm in these serums Mas thermostabile The 
serums Mere treated Muth qiiinin and tested for antiheniolytic properties The 
normal serums MOie unimpaired, but the serums from erythrolytic hemoglobinunc 
patients seemed to be m eakened by the same quantitj of quinin and in one instance 
hemoljsis Mas complete in one hour The experiments need confirmation and we 
hope to be able to report more exact quantitative work They seem to reconcile 
the malaiial and quinin vicm’S of erythrohtic hemoglobinuria and to connect it 
definitely M’lth malaria The therapeutic mcasuie of transfusion Muth normal 
blood IS obviously suggested 
423 Security Building 



THE EOLB OF ACIDOSIS OP THE TISSUES AS A FACTOE 
Ils THE PEODUCTION OP AH ATTACK IH 
PAEOXYSMAL HEMOGLOBIXUEIA' 

OSCAE BERGHAUSEX, BA MB 

CIXCIXK-VTI 

During January, 1910, a colored man suffering from paiox^smal 
liemoglobinuiia \ras admitted to the Cincinnati Hospital He gave a 
history of passing blood-coloied urine, paiticulaily on exposure to cold 
While producing congestion above the elbow in oidei to obtain blood 
from the median vein foi a W'assermann deteimination, it was noticed 
that at such times there was obtained a blood-seium which vas laked. 
This led me to investigate moie closel}* the effect of carbonic acid gas 
on the washed corpuscles obtained both fiom the patient and from a 
normal individual, and the effect of salts in conti oiling tins liemol'^ sis 
was also studied This foims a complete rcpoii of the woik done, and 
which was briefly referred to by Martin H Fischei^ in his woik on edema 

REPORT OF CASE 

Eisioiy — ^The patient, H C , coloied, male, aged 2G, single, entered the Cincin- 
nati Hospital Dec 31, 1909, sufTeiing fiom pains in the back lie had had none 
of the ordinary diseases of childhood, had ihcumatism about si\ Aoais piioi to 
admission, he had returned from the South about one \eai plCMOusl^, vheic he 
had been for several years While theie he had a chill c\ci} oieiiing, for which 
he took quinin Several years ago, he said, he was troubled with gall stones Ho 
admitted syphilis and gonoiihea He Avas not a licaAy diinkcr and domed the uco 
of drugs or of highly seasoned foods 

Onset — Patient had been wwking on the iivei. wheie he was exposed to the 
rough weathei, avas compelled to labor haid, and pci'^pirod Eigiit d.us piioi 
to admission the patient began having pains in the loft side in the logion of tin' 
kidiiev He said that his uiine was bloody foi seieial dajs 

Picscni State — On admission the patient appeared to bo a faiih well do%ol 
oped coloied man IIis tempcratuie was 97 G F Mho conjunctna was aoIIow 
tinged Chest Inspection Negatne Palpation Vocal fremitus incic.iM'd m 
right upper lobe Pei cushion Diimiiished lesonance o\oi iitrlit ujijai hibi 
Auscultation Pioloiiged expiration and loughoncd bioathing o\ei iiglit U]>jiei 
lobe Moist r.Vles over the entire lung area lleait Nothing abnomuil found 
Abdomen Pain in left lumbar region A' raa showed nothing abnoimal ihout the 
kidnea or ureter 

Coinsc — Jan 9, 1910 Hie patient had intormitttnt attKls of hnnoglohi- 
nuria which usualh came on in the aftcinoon Duriii" the in(m%als, the unne 
was clear Cistoscopic examination showed thil t)i(‘ iH'mnglohinnn i was 
bilateral He was now transferred from the surgical to thr medi< il -"Miico Dur- 

*From the Laboratorv of the Cincinnati Ilo'^jutil, Mtdioal D'partmrnt Uni- 
vcTsitv of Cincinnati 

1 Pischor Ma'-hn H Edema ]i 17" P!u1”>Vljdin, l'*10 
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ni" tlio iie\i ii\e clajs he passed bloody mine once On Jan 15, 1910, tlie blood 
pictuie showed as fono\\s 

Red cells, 3,200,000, Avlnte cells, 7,000, poljnucleais, 59 per cent , larf^e 
Ivmphocjles. 14 5 per cent, small lymphocytes, 19 0 per cent, eosinophils, /o 
pet cent . transitional, 3 8 per cent 

Tlieie wcie no abnormal cells, the ted cells were anemic During or imme- 
diatch after an attack tlie blood picture seemed to appro\imate the noimal 
About thiec da^s aflei one attack the count showed polj nuclcars, 4G0 per cent , 
iMiiphocytes, large and small, 50 0 per cent , eosinophils, 4 0 per cent 

The tempoiatuic would ^aly fiom subnormal and normal to 99 2 and 100 2 F 
On January 29 it leachcd 104 F, owing to an attack of acute tonsillitis, which 
quickly subsided and was not accompanied by an attack of hemoglobinuria Tlie 
fecal examination made Jan 10, 1910, show-cd a yellow, foiined stool, no fice fat, 
a few meat fibers well digested, no parasites Blood culture was negatnc 
The Noguchi dcMation of complement test was distinctly positno 
The patient inipioved while in the hospital, the ticatmcnt being lest, waimth, 
light diet Potassium lodid was given internally Ihc attacks became fewer in 
number, and the patient was dischaiged Feb 2G, 1910 feeling much impioied 
in health 


Exavuiiaitou of ihc ZJiinc — Jan 2, 1910, the urine passed was light amber 
in color spcctioscopic examination was negatno, likewise the guaiac, bile and 
Ehi hell’s aldchvd loaction tests 

Jan 3, 1910, the mine was black in appeaiancc, the spectroscopic examination 
gaAC a double line, one in the green and one in the yellow fields, the guaiac test 
was positno, the bile tost was unsatisfactory and Ehilich’s aldelnd reagent 
gaie a distinct scailct coloi in the cold, ivith the corresponding spectrum 

Janiiaiv 5, the mine was smoky in coloi, the spectroscopic examination was 
negatnc, the aldelnd reaction was positno a scarlet coloi, in the cold Micro 
scopic examination showed the presence of granular casts, no corpuscles and no 
parasites 

Januan G, a Bier’s congestne bandage was applied to both upper aims oier 
a period of ten minutes In two and one thud hours the urine passed ivas dark 
and contained albumin Specli oscopic examination showed the presence of hemo- 
globin, and Ehi hell’s aldelnd leaction was positive in the cold January 7, the 
morning urine was ambei in color, spectroscopic examination was negative, no 
albumin, the aldehy'd reaction positive in the cold The sediment showed 
casts but no corpuscles 

Eccaminai^on of ihc Jilood-Sci mn and Co) puseJes January 7, at noon, a con- 
gestive bandage was applied and the blood lemoved fiom the aim vein A portion 
of this blood was defibrinated at the bed side and the seium aftei centiifugmg 
was distinctly laked Anothei poition w'as set aside in a sterile test tube and 
kept at — 10 C, and still a third portion, was kept at 37 C The blood-seium 
which sepal ated in both test-tubes was distinctly hemolytic 

Tlie blood seium was then examined foi the presence of syphilitic antibodies 
accoiding to the Noguchi modification and a distinct inhibition in hemolysis w^as 
obtained The patient’s coipuscles weie then again obtained, wwshed thiee times 
in normal salt solution and subjected to the action of anothei sy'^philitic seium as 
follow s 


Corp Normal Syphilitic Ilemolysis 
Suspension, Salt Sol , Serum c c 
Drops c c ( Webb ) 

1 1 0 — 


Since no hemolysis resulted after incubation at 3i C and alio i „ 
until the next morning, it was determined to test the action of anothei 
serum after adding complement 


to stand 
syphilitic 
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Jan 8 1910, the following tests weie made 



Patient’s 

Guinea-pig 

Syphilitic 

Salt 

Result 


Washed 

Complement, 

Serum, 

Solution 



Corpuscles, 

40 Per cent 





Drops 

c c 

cc (Webb) 

c c 


1 

1 

0 1 

01 

1 

— 

2 

1 

0 1 

02 

08 

— 

3 

1 

0 1 

04 

OG 

— 

4 

1 

0 1 

08 

02 

— 


The contiols, using the patient's u ashed corpuscles without added 
syphilitic serum, also my own washed coipuscles in place of the patient's 
in the above experiment, were also negative Evidently the syphilitic 
bodies or antibodies placed no great part in the production of the 
hemol} SIS 


OTHER FACTORS WHICH MAY INDUCE AN ATTACK 
The effect of cold in pioducmg an attack of hemoglobinuria was 
spoken of by the patient himself It was clearly shown above that when 
a congestive bandage was simply placed on the uppei aim at fiist the 
blood-serum became laked, and later the mine was colored led and 
contained hemoglobin It was fuithei found that by simple catheteriza- 
tion, a typical chill was developed, which was latei followed by the passing 
of a highly colored urine containing blood-coloimg matter 

The inciease of temperatuie associated with the attacks can be ieadil% 
explained by the action of the libeiated hemoglobin on the s}stem 
Vaughan pioved this beautifull'^ in animals when he found tliat laked 
blood coipuscles of either man 01 labbit aftei filtration cause an elevation 
of tenipeiatuie vhen injected into labbits eithei intia-abdominally 01 
intravenously 

HOW IS THE HEXtOLYSIS ACCOXIPLISHED ’ 

The piesence of a specific aniboceptoi which ha^ to do vith causing 
a solution of the corpuscles tn vwo is a<?suuied by mani- authors Donath 
and Landsteinei" veie the fust to show that in the cooled extremitv the 
patient’s coipuscles veie acted on b\ the specific amboceptor and thus 
piepared. were acted on bv the complement in the general circulation 
leading to hemoh'sis This vas confiimed bv latei obseiier=" IlMnan=^ 
latei shoved that the blood-sci uin of heinoglobinunc patients fontained 
'specific substances vhich m the piesence of fiee COo acted on the roi- 
puscles of the patient at lowei tempeiaturc- (T to IG C ) leading to then 
hemohsis Thev state fuithei that the blood-serum and forpu=cle= of 

2 Don'ith ami Laml=:teiner Xlunclicn mod \Vclm=clir 1004 li 1300, Me\cr 
Ench atid Emmencli E Uebor piro\v«niale IT'fn’oglobiinino Deutccb Arch f 
klin Mod 1900 Nc\i 2S7 

3 C?c‘niocki Wion klm Wclni=clir lOQO No 52 p 1G20 Vaiiirlnii V C 

Cuniming J G aud Wriglif J IT Zt'clir f Iimmimt 1011 573 

4 n\nian« \ d Ecrgli- Bint E'nlor=uclnuiecn ubcr nio IlTmohct' l.j-i do- ji-’f- 
o\v«malo Il'cmoglobmunc Btrl khn WcbTi=chr lofio No= 27 'nu 37 
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a noimal individual are not hemolyzed in tins manner The Donath- 
Landsteinei phenomenon was not ohseived in every case, however Cases 
of paiov3smal hemoglobinuria are leported in which sufficient cooling of 
an extiemity did not lead to an attack Likewise, attacks have not 
always been produced by placing a congestive bandage about an extremity 
This has been explamed by some as due to the fact that following one 
attack the complement has been absorbed and must again be produced m 
sufficient amount in order to cause hemol}sis 

Bvidentty existing theories do not account for the man}*^ variations 
which occur in the blood-stream of patients sulTermg from paroxj^smal 
hemoglobinuria All obseivers seem to pay especial attention to the 
specific amboceptois, to the complement, and a few to the presence of 
free carbonic acid, but none seems to regard the presence of other dis- 
solved substances, particularly the salts, as plajung any important factor 
With the object of ascei taming the part nhich the salts play in the 
phenomenon of hemolj’^sis, the following expeiiments were undertaken 


1 

2 

3 

4 


Action or Acids on the CoDDuscrrs and Serum 


Washed 

Normal 

LACTIC ACID 

Lactic 

Result 

Coipuscles 

Salt 

Acid 


Drop 

1 

Solution 
c c 

1 

1 drop cone sol 

Immediate hemolysis and 

1 

1 

1 drop (1-10 dll ) 

conversion 

Gradual hemolysis 

1 

1 

2 drops (1-10 dll ) 

Hemolysis more rapid 

1 

1 

4 drops (1-10 dll ) 

Hemolysis more rapid 


ATiiospnERc or Carbon 

Dioxid 


A SEBUJI 

On. passing a current of dried CO- gas into a test tute containing hemoglo- 
bineniic serum, a rapid reduction took place By exposing diluted and undiluted 
hemoglobinemic serum contained in small Petri dishes, to an atmosphere of dried 
CO. gas, a reduction likewise took place, the rapidity depending on the dilution 
The controls made by exposing similar serum to the action of air over night, suf- 
fered no reduction 


1 

2 

3 


B CORPUSCLES IN NORMAL SALT SOLUTION 


Patient’s Normal Atmosphere 

Washed Salt of CO, 

Corpuscles Solution Exposure 
5 drops (Jan 7,1910) 5cc overnight 
5 drops (Jan 10,1910) 5cc 3 hours 
5 drops (Jan 12,1910) 5cc 1 hour 


Eesult 
at Room 
Temperature 
Complete hemolysis 
Slight hemolysis 
Complete hemolysis 


My own corpuscles similarly washed and treated showed no hemolysis in one 

hour, complete hemolysis by the next morning 

Both lactic and carbonic acids cause rapid solution of the corpuscles wi 
reduction, the rapidity depending on the dilution This was to be expected or- 
mal salt solution delayed this action The coipuscles obtained from the 
suffering from paroxysmal hemoglobinuria, seemed to be less resistant to the 
action o1 the carbonic acid gas, even in the presence of normal salt solution 



OSCAR BERGEAUSEN 


141 


C CORPUSCLES IN SODIUM CITRATE SOLUTION 
Defibnnated patient’s corpuscles were w'ashed three times in 1 5 per cent 
sodium citrate solution Five drops were added to 5 cc citrate solution and 
exposed to CO; atmosphere for three hours at room temperature Tliey w'ere then 
taken out and centrifuged l^o hemolysis had taken place Patients corpuscles 
in normal ^alt solution similaily exposed, show^ed complete hemolysis Corpuscles 
similarly treated with sodium citrate solution and normal salt solution, and 
exposed to room temperature, showed no hemolysis 

The experiment was repeated using my own corpuscles and similar results 
were obtained 

Tlie corpuscles both from the patient and myself, after w ashing in 1 5 per cent 
sodium citrate solution and exposing to CO, atmosphere foi three hoiiis, w^ere 
again washed, suspended in normal salt solution and exposed to CO, gas Com- 
plete hemolj’sis resulted in three hours 

D CORPUSCLES IN NORMAL SALT SOLUTION AND SODIUM CITRATE SOLUTION, IN CO; 

ATMOSPHERE 



Washed 

Normal 

Sodium 

After 4 hours’ 


Corpuscles 

Salt 

Citrate 

Exposui e 


5 Drops 

Solution, 

Solution 1 5 

at Room 


c c 

pel cent , c c 

Tempei ature 

1 

Patient’s 

5 

0 

Complete hemolysis 

2 

Delaney’s 

Patient’s 

5 

0 

Complete hemolysis 

3 

1 0 

05 

No hemolysis 

4 

Delaney’s 

Patient’s 

1 0 

05 

No hemolysis 

5 

1 0 

0 75 

Trace hemolysis 

6 

Delanev’s 

1 0 

0 75 

No hemohsis 

7 

Patient’s 

1 0 

1 0 

No hemolysis 

8 

Delaney’s 

1 0 

1 0 

No hemoljsis 


These cxpeiiments w’ould tend to show that corpuscles in normal salt water 
suspension are readily hemolyzed in an atmospheie of CO;, and that the addition 
of a slight amount of anothei neutial salt is sufficient to inhibit this action 


E CORPUSCLES PLUS SERUM IN AN ATMOSPHERE OE CO, 


Washed 
Corpuscles, 
5 Drops 


Delaney Exposure 3 

Seium, Hours at Room 

c c Temperature 


1 Patient’s 0 3 Ko hemolysis 

2 Delaney’s 0 3 Xo hemolysis 

In this case a normal serum was sufficient to preient the hemohtic action of 
CO, on the corpuscles obtained both from the patient and another normal indi- 
vidual 


DEDUCTIONS 

In the above experiments it was noticed tliat tlie corpuscles of patients 
suffering from paroxysmal hemoglobinuria were somewhat less resistant 
to an atmosphere of carbonic acid gas, as compaied witli corpuscles fiora 
a normal individual This difference was not very marked, however 
The chief difference lies in the blood-serum of the patient 

Contraiy to the findings of Hvmans it was found that normal 
corpuscles in noimal salt water suspension weie also, although more 
slowlv heraohred in an atmosphere of carbonic acid gas Sodium citrate 
solution, strength 1 5 per cent was sufficient to prevent hemoh=is of 
both the fiatienfs and normal human corpuscles in an atmosphere of 
carbonic acid gas at room temperature Appaiently the salt concentra- 
tions of the blood-serum is the factor which determines whether the 
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coipnscles sliall be hemoly/ed oi not As shown above, normal serum lias 
sufficient salt dissolved to pi event hemolysis of both the patient’s and 
noimal corpuscles in an atmospheie of COo at loom temperature 

Kiokievicz'^ states that inactivated (o3 C ) semm from a hemoglo- 
biimiic patient no longer hemoljzcs the patient’s coipuscles in an atmos- 
pheie of COo, aftei fiesh liuman seium is added as complement Bj 
adding this seiuni he meiely inci eased the salt concenti ation of the serum 
which pieviously ivas pool in salts 

The paroxysmal attacks have been vanousl) ascribed to the action of 
cold, congestion and trauma, locally oi leniotely pioduced It would 
appeal that changes locall-^ in the tissues must be necessar} before a 
ctate of henioglobineniia oi licnioglobinuiia can be produced In view 
of the fact that cold, tiauma and passive congestion may all lead to an 
attack, and since the tliiee conditions aie associated iiith the jiroduction 
of an excessne acidity of the tissues, it is not unreasonable to suppose 
that the organic acids thus foimed, pla} some pait diiectly m the produc- 
tion of the attacks The coipuscles ma^ be le‘?s resistant, they mav be 
subject to the action of a specific hemol 3 Siii, and ^et an additional factoi 
acting locally in the tissues seems necessary foi an attack to be produced 
In the piesence of the piopei ^alt concentiation the corpuscles aie pio- 
tected against the hemolytic action of any oiganic acid*? This naturallv 
suggests the giving of neutral salts as a therapeutic agent, to prevent the 
onset of attacks in patients suffeiing fioiii paiox^snial liemoglobinuiia 

In conclusion I uisli to tlmnk Dr B W Milclicll, stall pliysician, for Ins kind- 
ness 111 peiniitting me to lepoil tins ca'=e, al®o Prof !Maitin H Fischer for vain 
able suggestions 

10 West Seientli Street 

5 Kiokiewic/ Wien klin Wclniscln , 1911, wiv 4S7 



OBSERVATION>S ON THE ELHID CONTENTS OF A CYST 
OCCUPYING THE EPIGASTEIC EEGION 
OP THE ABDOMEN 

HENRY A CHRISTIAN, MH 

BOSTON 

The obseivations on the fluid obtained from a cyst, inobably pancreatic 
in oiigin, which aie here reported, seem worth} of record even though no 
satisfactory explanatory theory of the findings can be advanced by the 
observer The fluid was obtained at operation from a patient who uas 
admitted to the medical service at the Carney Hospital, March 29, 1911, 
and whose medical record was as follows * 

Patient — Carney Hospital IMedical No 2055 Male, aged 42 

Family Jhstoiy — Fathei died of sarcoma Mother died of pneumonia 
Biotliei died of bionchitis Sister died in infancy No family history of pnl- 
monaiy tuheiculosis 

Picvxous Hist 01 y — ^INIeasles, mumps, peitussis, and seal let fc\oi in childhood 
Pneumonia thiiteen yeais ago Gonorrhea twenty-three yeais ago 

IJahits — Dunks alcohol to excess, che\\s tobacco 

Picscnt JUhcss — Fouiteen months ago his light leg between the shoe top and 
knee became swollen Soon aftei this his abdomen became swollen He was 
admitted to the Boston City Hospital, where his abdomen w’as tapped twice in 
Maich, 1910, yielding a cleai sti aw -coloi ed fluid He lemained at the Cit% 
Hospital about a month and was discharged feeling faiily well Dining the 
following month, Apiil, it w'as necessaiy to tap his abdomen again After his 
abdomen was tapped in Apiil he began to notice a shaip pain in his upper 
abdomen, which ladiated to his left '^houldei, and a little later ho began to have 
a constant gnawing pain in his abdomen with occasional shaip exaceibationo 
He lost appetite, and began to lose weight and stiength The lattci pait of 
Novoinbei, 1910, he noticed a “lump” which appealed in the uppei half of his 
abdomen, but which disappeaied, oi as he expressed it, “broke” in Januan, 1911 
Following this the patient Aomited once or twice daih foi about a month Dur 
mg the time that the “lump” was in Ins abdomen there was more oi less tender- 
ness in this region, he had considerable nausea, and was annoted In liaMng an 
uncomfortable full feeling aftei eating At this time he coughed a good deal, and 
said that once he rai'sed sputum containing a coffee ground sediment and for four 
01 fne da^s there was led blood in his sputum About the middle of February 
1911, anothei “lump” appeared in his abdomen and this has continueil to be 
pi client Dining the past a ear he has lost 50 pounds in weight, has become ten 
weak, and has \\oiked only at ^hort intertals the total amount of time that he 
has woiked being nine weeks He has lost Ins ippetite, complann of an uncom 
fortable full feeling in Ins abdomen sats that as coon as he begins to eat ln= 


•From the Medical Clime of the Carnev Hospital and the Laboratort of the 
Department of the Theort and Practice of Phasic, Medical ,School, Hartard Um- 
tcrcitt 

•Reported at the meeting of the American ?ociett for the Adtanerincnt of 
Clime il Tmestigation at Atlantic Citv May S 1911 
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stomach feels veiy much distended and uncomfortable, and he is able to eat 
veiy little, being pi evented lather hy the sense of fulness than by any actual 
pain His hovels move legularly, he 1ms no headache, no shortness of breath, no 
jaundice, no abdominal damps He has had no edema except the swelling of 
his light leg, vliich occuiicd fouitcen months ago, and lemained only a short 
time He gets up once at night to pa'=s urine Ihere is no difficultv m urination 
His urine appeals normal 

Pliifsicai Examinaiion ■ — A well dei eloped, poorly nourished man lying com- 
foitably in bed, bieathing icgulaily, not rapidly His lips and mucous^ mem- 
branes seem somevhat pale and thcie are numerous dilated venules on his 
checks and nose His pupils aic equal, slightly irregular, react promptly to light 
and accommodation Thcie is a rerj slight internal strabismus Ocular move- 
ments aie normal, no pigmentation of the sclerm Tongue is clean Teeth are 
in fanly good condition, vith lathcr marked pjoirhea alveolaris Throat is nega- 
tne In the neck there is risible pulsation m the suprnstoinal notch Tlijroid 
IS not enlarged Hnmerous cen ical lymph glands can be easilj palpated, though 
they arc not greatly enlarged The same is true of the axillary lymph glands, 
and to a less degree of the inguinal The thoiav is veil foinicd The right side 
moves rather more than the left during icspiralion Percussion over the lungs 
gives good resonance thi oughout Voice and breath sounds arc normal on auscul- 
tation and no rflles aic heard 

Heart — ^jMaximal cardiac impulse is seen and felt just inside the nipple line 
in the fourth interspace, 4^/> inchos to the left of the mid-sternal line, and the 
left border of cardiac dulncss corresponds to the position of tbe apex beat The 
right border of cardiac dulncss is 2li inches to tbe right of tbe mid sternal line 
in the fouith space The upper border is at the second interspace Tbe cardiac 
action IS regular, sounds are very distant, except at the base, vliere tbe second 
sounds are loud and stiongly accentuated The pulmonic second is louder than 
the aortic second The poicussion note over the upper third of the sternum is 
distinctly dull, almost to the lea el of the suprasternal notch, and this dulness 
extends on each side for about l^A inelics from tlie mid sternal line The pulses 
are equal, regulai, of small aohime and low tension 

Ahdoivcn — ^Tbe upper opigastinim is filled with a bulging tumor mass extend- 
ing out from under the costal margin down to a point lYs inches above tbe umbili- 
cus This mass is rounded, measures 81^ inches transversely, 5% inches ver- 
tically, IS symmetrical, smooth, firm and elastic In certain places it is slightly 
tender It descends slightly with respiration Percussion note over the greater 
portion of it IS flat Inflation of the stomach shows an area of tympany above 
and to the left of this mass, indicating that the stomach is pushed up and lies 
largely above the left costal margin Below tbe mass the entire abdomen is 
tympanitic, and auscultatory' percussion indicates that there is an air containing 
viscus Ij'ing transversely below the mass, probably the transverse colon The 
edge of the liver can be felt distinctly about an inch below tbe right costal border, 
and the uppei border of hepatic dulness is at the fifth interspace in the right 
mammillary line The edge of the spleen cannot be felt Percussion dulness of 
the spleen extends from the sixth nb in the mid-axillary line to tbe costal margin 
No masses are to be palpated in the abdomen with the exception of this one in 
the epigastrium 

Genitals — Normal with the exception of a moderate varicocele on the left side 
Extremities — The first and second fingers are missing on tbe left hand There 
IS no edema of the arms or legs Over the lower half of the right leg there 
IS an extensive superficial scar from an old burn 

Reflexes — ^Knee jerks are normal There is no Babinski^s sign, no ankle clonus 
Urine — Itlarcli 30, high color, acid, specific gravity 1,019, very slight trace 
of albumin, no sugar Sediments show a moderate number of leulioeytes and 
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round cells, laie hyaline and finely gianular casts Apiil 1, normal color, acid, 
specific giavity 1,015, slight tiace of albumin, no sugai Sediment shows many 
leukocytes 

Stool — April 2, liquid, dark yellow color, very slightly positive guaiac reac- 
tion There is a considerable amount of mucus, many undigested muscle fibers, 
with no increase in the fat elements 

Blood — ^IMaich 30, hemoglobin 85 pei cent , white blood cells, 10,000 pei cubic 
millimeter Stained smear shows no abnormality of the corpuscles 

Rad-iogiaphy — An a-iay of the thorax shows, conesponding to the area of 
dulness, a shadow of moderate size occupying the uppei anterior mediastinum, 
interpreted as a slight enlargement of the normal mediastinal shadow possibly 
brought about by the heart and ad3acent tissues being crowded up by the epigas- 
tric mass beneath the mediastinum 

OpetaUon — A presumptive diagnosis of pancreatic cyst was made, and the 
patient was transferred to the surgical service April 2 and operated on April 3, 
1911 At operation by Dr J T Bottomley, a veiy large cyst was found adherent 
to the abdominal parietes and adjacent structures, occupying the epigastric 
region, with the stomach above and to the left, the transverse colon below Inci- 
sion showed a moderately thick wall to the cj'st, and the cyst to be made up of 
a large single sack filled with a dark colored, somewhat syrupy fluid With the 
hand in the cyst it appeared that the cyst extended back to the posterior abdom- 
inal wall, and no viscera could be definitely made out back of the cyst The cyst 
was drained 


Cowse and Recovery — ^The patient made an uneventful recoveiy Three 
weeks after the operation, when the patient had returned to an unrestricted house 
diet, his urine showed for one day a sugar reaction by the Fehling test This 
promptly disappeared on reducing somewhat his carbohydrates, and did not sub- 
sequently reappear during his stay in the hospital, as shown by the following 
urine examinations, though his diet w'as not further restricted 


April 9, Sugar 0 
April 20, Sugar 0 
April 22, Sugar 0 
April 25, Sugar -}- 
April 26, Sugar 0 


April 27, Sugar 0 
April 28, Sugar 0 
April 29, Sugar 0 
April 30, Sugar 0 
May 1, Sugar 0 


When last heard from July 15, 1911, the patient was feeling in good condition, and 
the sinus present on discharge from the hospital had healed x 

Histologic Examination — A portion of the cyst wall removed at operation 
was examined This showed a cellular connective tissue structure lined in places 
With vascular granulation tissue, uncovered by epithelium in numerous blocks 
of tissue which were examined Outside of the connective tissue was an irregular 
layer of adipose tissue 

' Diagnosis — The situation of the cyst, the history of its development, and the 
character of its contents seem to justify the diagnosis of pancreatic cyst As 
no epithelium was found lining the cyst, and no pancreatic tissue was found in 
the cyst wall, it is realized that an absolute diagnosis cannot be made Further- 
more, the various tests made with the fluid do not give any definite information 
as to the origin of the cyst, and yet they will be described as being of considerable 
interest , 

Exarmnation of Fluid — Fluid obtained from the cyst cavity was of a dark 
brownish black color, of a slightly syrupy consistence, contained no sediment 
and on standing did not clot It was of a faintly alkaline reaction, contained a 
large amount of albumin, and gave no sugar reaction by the Fehling test It 
gave a strongly positive guaiac reaction for blood The following tests were 
made on the fluid 
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April 4 to 0, 1911 To 20 cc of the fluid ^u^s added 5 cc of a chloroform 
solution of thymol, and m tins was placed a two inch tube filled nith coagulated 
egg albumin A second expciiment of the same kind was piepaied These were 
placed 111 the theimostat at 37 5 C teinperatiii e and left foi foity eight hours 
The reaction lemained alkaline and theic was no evidence of digestion of the 
egg albumin 


A portion of the fluid was tested* for the presence of tiypsin by the method of 
Gross= slightly modified by Spooner as follows The fluid was rendcied alkaline 
with sodium carbonate and filtered thiough a Biichnei funnel One cc of the fil- 
trate was added to solutions of Grlibler’s casein in 1 1000 sodium carbonate At 
the end of tw entj four houi s these solutions w ere tested foi undigested casein by 
precipitating with 1 per cent acetic acid The tests resulted as'follows when 1 
per cent acetic acid was added affer the miUuics had stood for twenty four hours 
at 37 5 C 


Casein solution 1 200 , verv cloudj 
Casein solution 1 500 , niaikedly cloudj 
Casein solution 1 SOO , markedly cloudy 
Casein solution 1 1000, coiisideiablc cloudiness 
Casein solution 1 1500, considerable cloudiness 
Casein solution 1 2000, cloudj 

Casein solution 1 3000, cloudy 

Casein solution 1 4000, cloudj 

Casein solution 1 5000, moderntelj cloudj 

Casein solution 1 0000, moderatelj cloudj’ 

The cloudiness in these experiments indicates that there had been no digestion 
and so the tests were negative for the piescnce of tijpsm in the fluid 

To 20 cc of the fluid was added 20 cc of a starch paste solution and 5 cc 
of the chlorofoim thjmol mixture This was placed in the theimostat at 37 5 C 
At the end of twentj’-four houis the fluid leniained alkaline in icaction, and it 
markedly reduced Fehling’s solution 

Tlie contiol experiment with the mixtuie of 20 cc of water 20 cc of starch 
paste, and 5 cc of chlorofoim thjmol mixture, placed undei similar conditions 
did not reduce Fehling’s solution at the end of twenty-four hours 

A mixture of 20 c c of fluid, 20 c c of w atei and 5 c c of chloroform thymol 
mixture placed in the thermostat at 37 5 C for twenty-foui houis did i educe 
Fehling’s solution, though the reduction was less maiked than was the case 
when starch paste was added to the fluid Undiluted fluid tieated in the same 
way for twenty-four hours reduced Fehling’s solution 

A portion of the fluid was placed in a thermostat at 55 C until evaporated to 
dryness This precipitate rubbed up in water did not reduce Fehling’s solution 
The remainder of the fluid was placed in the cold room at a temperature 
slightly abov’c freezing, and lemained there until May 3, 1911 (one month) At 
the end of this time the fluid still failed to leduce Feliling’s solution A portion 
of the fluid was then boiled (Maj’ 3) allowed to cool, and filtered free of precipi- 
tate through cotton Twenty c c of the filtiate from the fluid after boiling was 
added to 20 c c of starch paste, and 5 c c of chloroform thymol mixture, and 
placed in the thermostat at 37 5 C foi twenty-four houis At the end of this time 
there was a marked reduction of Fehling’s solution, wdiereas a mixture o cc 
of starch paste and 5 c c of chloroform thymol mixture placed under similai con- 
ditions yielded a very slight reduction of Fehhng’s solution Unboiled fluid with 
and without starch paste after twenty-four hours’ exposure at a temperature of 
37 5 C reduced Fehling’s solution in the same way as had been the case one 


month previously , , „ * j 

The experiments with the tubes containing coagulated albumin were repeated 
at this time without digestion being evident A labbit was killed and mucous 


1 I am indebted to Dr Leslie H Spooner for making these tests 

2 Gross Deutsch med Wclinschi , 1909, xxxv, 706 
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membiane sciaped fiom the duodenum Avas mixed Avitli the fluid and the digestion 
experiments with coagulated albumin Aveie lepeated equally Avith no lesultant 
digestion 

Expel iments similai to those earned out at 37 5 C of temperatuie Avere 
repeated at a tempeiatuie of 60 C At the end of tAventy-foui hours at this 
tempeiatuie the fluid still failed to i educe Fehling’s solution 

Some of the fluid aftei standing foi tAA'cnty-four houis at a tempeiatuie of 
37 5 C AA’^as placed in a fci mentation tube, yeast AA^as added and the tube placed in 
the theimostat at 37 5 C Aftei tii'enty-foui liouis an abundant foimation of gas 
had taken place Fluid AAuthout pieiuous exposuie to a temperatuie of 37 5 C 
similarly yielded gas aftei the addition of j'^east Conti ols of AA'^atei and yeast 
yielded no gas 

July 15, 1911 (three and a half months after the fluid Avas obtained), a poi- 
tion of the fluid aaIiicIi had remained in the cold room at a tempeiature slightly 
above fiee/ing point had aequiied a slightly foul odoi and still failed to i educe 
Fehling’s solution A poition of this fluid, to AAdnch Avas added some of the chloro- 
form thymol inixtuie, AA'as placed in the theimostat at 38 5 C for foity-eight 
hours, at the end of this time it i educed Fehling’s solution slightly Aftei forty- 
eight hours longei in the theimostat at 37 5 C theie Avas no increase in the 
1 educing poAvei of the fluid foi Fehling’s solution Anothei poition Avas tieated 
AAuth subacetate of lead, folloAved by animal chaicoal to lemove the coloiing mat- 
ter In this AA'ay a cleai fluid aaus obtained aa'IiicIi sboAved no lotation AVith the 
polariscope To this cleai fluid Avas added chloiofoim thymol mixtuie, and this 
Avas placed in the theimostat at 38 5 C foi foitA'-eight houis At the end of this 
time the fluid i educed Fehling’s solution A^eiy slightly, but theie Avas no demon- 
strable lotation of polaiized light The excess of lead iioav Avas lemoved fiom the 
fluid by precipitation Avitli dilute sulphuiic acid and the fluid, aftei neutralization 
Avitli sodium hydrate, AA'as again placed in the theimostat at 37 5 C foi foity- 
eight hours At the end of this time theie AA'as no inciease in the poAvei of 
reducing Fehling’s solution and no lotation of polaiized light 

SUMMARY 

Fluid was withdiawn fiom a cyst occupying the epigastric legion 
m a man aged 42, which had developed as follows Twelve months 
previous to admission in the hospital ascites appeared and a simple ascitic 
fluid was withdrawn on three occasions during a peiiod of two months 
Following the tappings a constant, gnawing pain with occasional sharp 
exacerbations developed in his uppei abdomen Four months before 
admission to the hospital a tumor mass appeared in his upper abdomen, 
to disappear after a month and a half Five weeks before admission this 
mass reappeared and persisted On admission there was found a large 
bulging tumor extending from beneath the ribs to an inch and a half 
above the umbilicus, elastic, smooth, moving slightly with respiration, 
apparently a cyst crowding the stomach up and the transverse colon down 
At operation this was found filled with a slightly viscid fluid, dark 
brownish-blaek in color, containing changed blood The wall of the cyst 
showed granulation tissue and no epithelium 

The fluid from the cyst was slightly alkaline, and did not reduce 
Fehling’s solution It gave no trypsin reaction, and did not digest 
coagulated egg albumin at body temperature, either as it came from the 
cyst or after the addition of scrapings from the duodenum In the 
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thermostat at temperatuie at the end of twentj^-foin hours it had 
acquned the powei of reducing Fehlmg’s solution, and previous boiling 
did not pi event this reducing substance fiom appearing In the thermo- 
stat, however, at 60 C no such reducing substance appeared. The addi- 
tion of yeast to the fluid caused fermentation with the production of gas 
Preservation at a temperatuie slightly above freezing for one month had 
no appreciable eflect on tlie reactions of the fluid Until the fluid was 
placed in the theimostat at 37 5 C it still did not reduce Pehhng’s 
solution At the end of three and a half months at a temperature slightly 
above freezing the fluid had acquired a slightly foul odor and still did 
not reduce Pehling’s solution, and now when placed in the thermostat at 
37 5 C. there was but a slight production of a reducing substance 

252 Marlborough Street 



A NEW METHOD OE DETEEMINING VENOUS 
BLOOD-PEESSUEE 


A ALEXANDER HOWELL, M D 

PHIIADELPHA 

A brief leview of the woik that has been done in devising methods 
for measnrmg venons blood-pressure will illustrate the general principles 
mvolved, and make easier the understanding of the new method to be 
described. 

The veins of the hand and forearm have been those on which attention 
has been chiefly centered With but two exceptions, the end sought has 
been a means of determmmg the pressure necessary to cause the collapse 
of one of these superficial veins The observers have differed mainly, as 
will be noted, in the way in which this collapse was accomplished and the 
manner m which the required pressuie was measured 

A contiibution, dealing largely with the theoretical possibilities in 
the field of venous blood-pressures, was made by Erey’^ in 1902 He went 
a step further, however, and presented an instrument for the determi- 
nation of this pressure The mstrument, in brief, was so devised as to 
determine the weight in grams necessary to cause the collapse of a super- 
ficial vein While simple and direct in principle it lost its practical value 
through technical difficulties as well as its failure to lend itself readily 
to the estimation of fluid pressures 

An advance on this empirical procedure was made by von Basch,^ 
who was the first to use air-pressure and thus to make possible the 
estimation directly in centimeters of water The air-pressure was trans- 
mitted to the vein by holding over it a glass cylinder, which was in turn 
connected with a water manometer In this way the pressure necessary 
to cause the collapse of the vein was measured 

The evident fault here was a variable in the force with which the 
cylinder was held against the skin, a considerable factor when dealing 
with pressures so low as venous ones are known to be Although again 
satisfactory results were not forthcoming, the method of approaching the 
problem was new and opened the way for further development of the 
same idea, by von Eecklmghausen and later by Eyster and Hooker 

The elimmation of the glass cylinder from the procedure was the 

*Froin the Medical Dispensary of the University Hospital 

1 Frey, A Deutsch Arch f klin Med, 1902, Ixxiii, 511 

2 von Basch, S Wien med Presse, 1904, No 20, p 962, Arch d sc biol , 
1904, Supp XI, 117 
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nd^a7lce made b} ^on Kecklrnghauscn ^ lie substituted what practically 
ainountecl to a iiibbei cylinder foi the glass cylinder of ron Bascli This 
ua': inadc by cutting openings in the top and bottom of a circular riibbei 
iiag llie louei opening ivas placed on the vein, uhile the upper ivas 
closed bi a glass plate An was admitted tliiough an opening in the 
‘^ide and the collapse of the vein uas Moved through the glass The 
picssuic icqiiiied vas measmed on a vater manometei Aii-tightness 
vas obtained covciing the shin and the surface of the lubbei in contact 
vith the glass with gl'^cenn 

The next ad5anee vas again along mechanical lines and came with 
the intioduction of tlie ])0\-fianie E^stei and Hookei * This appliance- 
supplanted the gla<:s and lubbei cylinders The fiame was closed below 
1)5 a lubbei dam, in vhich an opening vas cut, and above b}' a glas<5 plate 
111 using tlie appaiatu^ tlic opening in the lubbei dam vas placed ovei 
a 5 cm, and as tlic prc'jsuie uifhin the box vas raised, the collapse of the 
leiii lias vieiied horn ahoie, through the glass The box was held m 
place b^ tapes passing aiound the aim and thus left both hands of the 
opeiatoi flee Measuiements veie in eentimeteis of iiatei 

Olnei’' and Sevall” indcpcndentl} folloved out the problem in a 
different diicction Wliile bunging piessiiie to beai on the superficial 
veins the} did this thiough the medium of a spimg vhich had been 
standardized against ineieur} They haidl} se^mi to have opened as 
piomising a field ns the other observeis the difficulties usually associated 
with spring device'? suggesting themselves 

One of the eailic^t methods, that of Gaertnei,* while simplicity itself 
and useful in man} instances, has obvious limitations It consists in 
raising the aim slovly until the veins on the back of the hand disappear, 
the height above the heart at iihicli this occurs giving the venous pressure 
A method vhich leai’^es little to be desired from a scientific standpomt 
has been described by Moiitz and von Tabora ^ Its chief value is in the 
directness of application The pressure m the median vein is measuied 
by passing a cannula into this vessel The procedure is not unlike the 
administration of an intravenous injection The pressure in the vein is 
determined by noting the point below which a column of solution in 
communication ivith the vein, will not fall In othei words, the pressure 
which IS just insufficient to cause a further passage of fluid from the 
manometei into the vein, is read, as the fluids ivithin the vein and the 

3 von Recklinghausen Aich f evpei Path u Phaimakol Iv, 463 

4 Ejstei and Hookei Johns Hopkins Hosp Bull, Septembei, 1908, \i\, 2/ 

5 Ohvei, G Joui Physiol , 1898, wn, p vli, 1899, win, p v Join Balneol 
and Climat , Octobei, 1903 

0 Sewall, H Jour Am Med Assn , 1906, xlvii, 1279 

7 Gaertnei, G Munchen med Wchnschr , 1904, K\iv, 2038 

8 Moiitz and V Tahoia Deutscli Arch f klin Med , 1909 1910, vcvni, i 
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manometei aie m eqiiihbimm at tins pointy tins reading is of course 
the venous piessure 

The scope of such a method must of necessit}' be limited and will lie 
chiefl}^ in hospital piactice, where patients are veil under control and 
where the aseptic measuies emploj^ed aie above suspicion Moritz and 
von Tabora examined a large numbei of cases in this way and feel no 
fear as to untoward lesults from the procedure 



Fig 1 — Lower cuff (lubbei bag and coveimg) befoie being wrapped around 
aim A, rubbei bag, made of light rubber dam, so shaped that when wrapped 
around the forearm uith its covering B, fits as shown in Figure 2 B, inelastic 
covering of light mateiial, holding A in place C, rubber tube admitting an to 
rubber bag A, passing through covering B, as shoun at H, Figure 2 

As a cheek to the accuracy of othei methods this is the one to be used 
To one who interests himself at all in observing the superficial veins 
it soon becomes evident in Avhat a variable quantity he is dealmg The 
thiclcness of the skin the amount of subcutaneous tissue and the varying 
stiuetuie of the veins themselves, make a large percentage of individuals 
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desmbe?''^ 

A procedure wliicli would be less dependent on these vaiiables and 
rendei observation possible on all oi nearly all of the veins of a part at 
once, nas ihe leading thought in the seaich for a new method The 
congestion and swelling of the arm, distal to the cuff, as the pressure is 
dropped below the maximum arterial piessure, in making an ordinary 
blood-piessuie reading, suggested the ^possibility of utilizing this phenom- 
enon in such a way as to deteimme the venous pressuie The congestion 
and increase in volume of the arm, below the cuff, being due to the 



Pag 2 — ^Upper and loa\er cuffs applied and attaclaed to tbeir respective "water 
columns E, light cuff for constricting upper arm and ohstriicting venous return 
F, glass T and bulb, by means of vliich pressuie as raised in E G, water column 
measuring pressure in E B, inelastic covering of light material encircling rubber 
bag C, glass T, side tube and clip, by means of which pressure can be raised in 
A, Figure 1 D, water column measuring pressure in A (Fig 1) 

obstruction of the venous return, while the arteiial flow was still in 
progress, it was obvious that if it weie possible to determine the pressure 
at which this venous obstruction first took place — this would be the 
venous pressure 

A means of constricting the arm, and thus obstructing the venous 
return, was secured by modifying slightly the usual sphygmomanometer 
cuff The change consisted in using a lighter rubber bag which was held 
in place by a few turns of muslin bandage lightly applied The lighter 
materials are used as they transmit more accurately and quickly the low 
pressures used in making an observation of this kind 
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A way to determine tlie first increase in the volnme of the forearm 
was the real problem to be solved This has been done by devising a 
special cuff, similar in general to the cuff of the arterial sphygmo- 
manometer, but differing in that it is patterned to fit the tapering 
forearm and in that it is made of light rubber dam with a light inelastic 
covermg, as diagrammatically represented in Figures 1 and 2 

As the arm is constricted at B, by raising the pressure in E B G 
(Big 2), a point is reached where the pressure within the cuff ^ust equals 
and then slightly exceeds that within the veins When this point is 
reached the veins will collapse and a damming back of the venous blood 
occurs This manifests itself in an engorgement of the veins below the 
point of constriction This increase in the volume of the veins, and of 
the forearm as a whole, is recorded by the system BCD (Big 2) 
as follows 

Prior to bringing any constricting force to bear at E, a pressure of 
3 cm of vatei is developed in the system BCD (Big 2) by gently 
blowing in by mouth at C, until the water column registers the desired 
pressure The pressure of 3 cm has been arbitrarily chosen, for the 
inflation of A (Big 1), as being sufficiently high to overcome the 
inherent resistance of the cuff to inflation and yet below the probable 
venous pressure As swelling of the veins in the forearm occurs, follow- 
ing constriction at E, room is made for this increase of volume, within 
the inelastic covering B (Fig 2), by displacement of a corresponding 
amount of air from the contained rubber bag A (Big 1) As this 
displacement necessitates an increased pressure in the closed system 
BCD (Big 2), this increase is registered in the column of water at D 
The rest of the observation consists in noting the pressure required in 
the system E B G (Big 2) to cause this first rise in the water column 
at D 

Directions then foi applying and using the apparatus are as follows 

1 Apply the special cuff to the forearm, first removing the clip at C, 
so that all air is forced out of A (Big 1) when the cuff is laced in place 

2 Blow in at C until A (Big 1) is well filled, readjust the clip at C 
and let the air slowly escape until the water column D registers 3 cm 

3 Apply the upper cuff B, lightly 

4 By means of the bulb at B, bring the constricting force to bear 
at B, by raising the pressure in B F G 

5 BTote on the scale to the left of J, the pressure m centimeters of 
water necessary in E B G (Big 2) to cause the first rise in column D 
This will be the desired venous pressure 

With the expectation of learmng something of venous fulness and 
tone, the pressuie has still further been raised in E B G (Big 2) and 
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ihc extent of tlie rise in colunin D (Fig 2) noted Eises occurring in 
column D. undei similar pressures in column G, have then been compared 

In making a venous blood-pressure estimation, it is necessary, as has 
been lealired by all the workers in this held, to ha\e the vein or veins 
under ob=enation. at the lei el of the heart If this is impossible it is 
then necessary to correct the leading foi the foice of gravity thus brought 
into play Lei els aboie the heart dceiease and those below the heart 
coirespondingh mciease the reading The lenoiis blood-pressure, for 
example in the foieaim or hand hanging at the side is gi eater than it 
uonld be iihen the foieaim oi hand placed at the lei el of the heart 
The costal angle, as suggested b> i on Eecklinghaiisen, ha® been the point 
chosen as marking the heart level This landmark is especially appro- 
piiate as it localises the right heait, iihich is such an important factor 
in the maintenance of lenous blood-pressure 

With this instrument the venous blood-pi esmie has alwais been taken 
in con,iunetion with the arterial pressure Thi‘5 has been made possible 
u ithout changing to the usual sphygmomanometer by utilizing the ‘'^air- 
vatei sph'vgmomanometei,*’ a^ described by Bendick® This consists in 
closing the upper end of the column G, bj screwing down the cap, and 
laising the water column against the pressure of the enclosed air in the 
bulb I (Fig 2) In taking the aiterial pre'^sure the s^'stohe and diastolic 
pressuies and the auscultatory sequences^® haie been recorded The 
venous pressure should aluais be taken before the arteiial, as the latter 
0% Cl distends the \eins and lenders observations on them, in this condi- 
tion, undesirable 

It is interesting heie to note lion susceptible the veins are to external 
stimuli, especially, as has been pointed out by others, to cold and friction 
As an estimation on the same individual on a warm and a cold day 
presents differences, it has been found necessary to note the da'^ as warm 
cool or cold The readings being also influenced by the size of the arm 
the thickness of the skin and the prominence or obscurity of the super- 
ficial veins these facts have been noted In tins v^ay it is possible to 
class individuals in more or less fixed groups presenting similarities in 
their readings 

In the examination b}^ tins new method of a senes of cases, winch 
could be looked on as normal from a cardiovascular standpoint, the 
average venous pressure was found to be 7 6 cm of water In this series, 
the lowest pressuie recorded was 4 cm, and the highest 13 cm In the 
case of the lower reading the patient was a 3 'oung man with a tentative 
diagnosis of incipient tuberculosis He had rather a small arm, with 


9 Bendick, A J Jour Am Med Assn , June 24, 1911 P 
10 Goodman and Howell Unireisity Med Bull, November, 1910 p 
Am Jour Med Se Septembei 1911 
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soft moist skin, little subcutaneous tissue and prominent veins, that is, 
lie was an extremely favoiable subject for examination by this method 
The patient showing the highei reading was a man of 48 years, with a 
large arm, thick skin, firm subcutaneous tissue and superficial veins which 
were hardly visible, an individual presenting conditions which would 
obviously raise the reading. These two cases illustrate what was referred 
to above, in speaking of the necessity of grouping cases in classes which 
would piesent similaiities in then leadings In the case of the young 
man the actual pressure within the veins was closely approximated, while 
in that of the older man the reading was undoubtedly too high Since, 
however, the eiior is constant for individuals presenting the same phys- 
ical conditions, allowance can be made for this 

An average has also been taken in a group of cases which showed 
circulatory disturbance, varying from those of lesser degree to advanced 
cases in which marked decompensation was present The average venous 
pressure in this series was 13 9 cm of water Tlie lowest reading of the 
series was met in a case of well-compensated mitral regurgitation and 
was 7 cm The highest was 25 0 cm , in a case of inter stitial nephritis 
showing very high blood-pressuie and the signs of chronic uremia 
Comparing these results with those of Moiitz and von Tabora, obtained 
by the use of their direct method, it is found that oui figures are too 
high These observers found the average venous piessure in normal 
individuals to be 5 3 cm of water The lowest leading in their series 
was 1 1 cm , and the highest 8 7 cm , the former in a case of well- 
compensated myocarditis and the latter in a patient convalescent from 
pneumonia 

This comparison shows the average obtained by the new method to 
be 2 4 cm higher than it should be It is evident also that the error is 
less in the case of the young man who presented favorable circumstances, 
than in the older one in whom modifying conditions existed 

As one of the chief aids to be derived fiom the estimation of venous 
blood-pressures will doubtless be in the following of cases as the patients 
improve or grow worse, the difficulty under such conditions associated 
with the correction of readings will be largelv eliminated 

1416 South Fifty -Eighth Stieet 



SUBACUTE AND CHBONIC NEPHKITIS AS BOUND IN 
ONE THOUSAND UNSELECTED NECROPSIES 

W OPHULS, MD 

SAN TRAA CISCO 

Ever since Bright, by his admirable papers in 1837 ^ and 1836 / estab- 
lished the intei relation between lenal disease, albnminnna, certam types 
of dropsy and cardiac hypertrophy the question of a proper classification 
of the cases Inch belong to what is commonly known as Bright’s disease 
has been discussed "uith much interest, and at times with consideiable 
animation, among clinicians and pathologists Bright himself early in 
the course of Ins ler} precise clinical and anatomical investigations, dur- 
ing which he had also noticed in such cases a tendency to inflammations 
of the serous membianes and to ceiebrol apoplexy, was struck with the 
great differences in the gross appearance of the kidneys, and he seems 
to have favored the view that a subdn ision into different groups seemed 
desirable but he neier, according to his published writings, came to any 
very definite conclusion in regard to this point, although we have Wilks’® 
testimony to tlie effect that he fa\ored a subdivision mto two mam groups 
on an anatomical basis, the one chaiactenzed bj the development of what 
is even now described as a ^darge white Indney” and the other m which, 
on the contrar}', small contracted kidne}s were observed at autopsy It 
would be entirely impossible to trace in a necessarily limited paper the 
historical development of the subject to the present day, however tempting 
it might be to do so It may be said, however, in a general way that 
if all later investigators had followed Bright’s shming example by study- 
ing and publishing the full facts in regard to their own cases first, before 
attempting to arrive at anj very definite theoretical conclusions, much 
error and confusion might have been avoided It is naturally somewhat 
cumbersome to load down one’s publications with a detailed recital of the 
facts observed, still at a later period frequently a few facts well recorded 
have more value than no end of theoretical considerations, quite apart 

“Read in the Section on Pathology and Physiology of the American Medical 
Association at its Sixty-Second Annual Session, June 27-30, 1911, Los Angeles, Cal 

*Froni the Pathological Laboratory of Cooper Medical College and of Leland 
Stanford Jr University 

1 Bright Report of Medical Cases, etc , London, 1827 

2 Bright Cases and Observations Illnst of Renal Disease, etc , Guy s Hosp 
Rep , 1836, 1 , 338 

3 Wilks Cases of Bright’s Disease, Guy’s Hosp Rep , 1853, vin, Series , 

232 
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fiom the fact that thej^ necessaiily put some bridle on the scientific 
imagination of the investigator 

We may shortly recall that To 3 mbee^ in England, in 1846, and later, 
in 1851, Eeinhardt® and Ereiiehs® in Geimany attempted to prove that 
the differences observed by Bright and others merely represented different 
phases in the same process, a view which in its generality, except as apply- 
ing to certain cases, has, so fai as I can see, been abandoned by all later 
investigators Wilks,® Grainger Stewart,"^ Johnson,® and Dickinson® in 
Gieat Britain, Charcot^-® in France and Bartels’-’- in Germany elaborated 
Brighffs original conception of the essential differences between different 
types of chronic nephritis’® as the process then began to be called In 
1879 Weigeit’® attempted to insist agam on the essential unity at least 
in the histogenesis of the lesions in the kidneys in all cases of Bright’s 
disease^ not bj’’ reviving the old teaching of the different phases, through 
which all cases of Bright’s disease would pass, but by proclaimmg that 
the one unit winch binds all these cases together was the fundamental 
fact that in all of them there was in the kidneys primary epithelial 
destruction followed by more or less marked proliferative processes in the 
connective tissue, and that the differences observed were merely due to 
differences in intensity, chronicity and interrelation of these two funda- 
mental and mterdependent processes His subdivision, based largely on 
the chronicity of the various changes, so far as they could be determined 
by histological investigation, does not seem to have proved altogether 
acceptable to other observers At the present time, among pathologists, 
especially in Germany there seems to be a tendency to eliminate from 
the general picture of Bright’s disease two conditions which are looked 

4 Toynbee The Intimate Structure of the human Kidney, etc , Medico-Chii 
Tr , 1846, XXIX, 303 

5 Reinhardt Die Bright’sche Nierenkrankheit, Chaiitg Ann, 1850, i, 194 

6 Rrerichs Die Bright’sche Nierenkrankheit, Braunsch-weig, 1851 

7 Stewart, Grainger On Bright’s Diseases of the Kidney, Ed 2, Edinburgh, 
1871 

8 Johnson The Minute Anatomy and Pathology of Bright’s Disease of the 
Kidney, Hedico-Chir Tr , 1846, xxix, 1, The Inflammatory Diseases of the Kid- 
ney, Medico-Chir Tr , 1847, xxx, 165 , Certain Points in the Anatomy and Path- 
ology of Bright’s Disease of the Kidney, Medico-Chir Tr , 1868, li, 57, Lectures 
on Bright’s Disease, etc, London, 1874, Granular Degeneration of the Kidney, 
Brit Med Jour , 1875, i, 741 

9 Dickinson The Pathology and Relations of Albuminuria, Brit Med Jour , 
1876, 1 , 467, etc 

10 Charcot Lectures on Bright’s Disease of the Kidney, Translation 1878 

11 Bartels The Diffuse Diseases of the Kidneys, Ziemssen’s Encyc , 1877, 
XV, 409, Klinische Studien uber die verschiedenen Formen von chronischer dif- 
fuser Nierenentzundung, Samml klin Vortr (Volkmann’s), 1871, Int Med, 
1, 159 

12 It IS only with such subacute and chronic conditions that we are concerned 
in this paper 

13 Weigert Die Bright’sche Kierenerkrankung, etc, Samml klin Vortr 
{Volkmann’s), 1879, Int Med, ii, 1411 
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on as nioie oi less puiely degenei alive m cliaiactei, namely, amyloid 
degeneiation of the kidneys on tlic one hand and the very common arterio- 
sclerotic lesions nhich weie so nell studied b} Zieglei on the othei 
This tendenc^^ is not Avilhout its opponents, however, because amyloid 
degeneiation m the kidneys is veiy ficquentlj associated with what is 
commonly knovn as chionic paiencb}inatous nephritis Oith says 
"Tt IS going too fai to exclude everj laige ulnte kidiie) uith amyloid from 
the mflammatoiy pioccsse'^ ’ On the othei hand, the diffeientiation 
between aiteiioscleiotic kidnejs and uhat has been desciibed as chronic 
interstitial nephiitis is acknowledged to be a jiiattci of some difficulfy 
In 1897, Councilman’® in oui eountiy published an excellent paper 
which he calls a ‘Jtud^ of acute difluce nephritis but in which he also 
tieats of subacute and chionic conditions, and on the basis of which he 
aiiives at the following classiticatioii of the 'Jubaente and chionic cases 


Subacute glomeiulai jicplinlis 
Chronic diffuse ncphntis — 

A Chronic glonienilnr neplintjs 
B Clironic ailenosclorolic iieplnilis 
C Chronic dcgcnciatne and intcrstiiial ncphntis 
Senile nephritis 


Subacute and chionic glomeiulai nephritis lepiesent the ma^oiit^ of 
laige wdiite and vai legated kidnoj'S, chionic arteiioscleiotie nephritis 
accounts foi the majority of contracted kidnejs In 1906, Councilman’’ 
levicwed his foimei woik and came to tlie conclusion “It is not piobable 
that much light will bo tin own on the nnmcious obscuie questions i elating 
to nephiitis by anatomic ]n^estlgatlon,■’ and he empliasized the necessitj' 
of coraniencmg all oaci again, so to speak, with a veiv thorough 
intensive stud^ of individual cases b> pathologists and clinicians con- 
jointlj’’ Jores’ impoitant w'oik seems to ha^e emphasized the diffei- 
ences between chionic paienchyniatous and cliionic inteistitial (arterio- 
scleiotic) nephiitis^ and Lohlcin’s’® lecent caieful clinical and anatomical 
investigations on gloiiieiulonephiitis seem to have bi ought out this impor- 


14- Ziegler Uehei die Uisachen der Nieienschrumpfung, Deutscli Arch f 
klm Med , 1880, xxv, 586 

15 “Man geht 7 U ueit, uenn man ohne uciteies jede grosse neisse Aieie mit 
Amyloid von den eigentliclien entziindlichen Pio/essen aussclihessen will UrtU 

Pathol Anat , 1893, ii, 79 , , a- 

16 Councilman Anatomical and Bactei lologieal Study of Acute Diffuse 
Nephritis, Am Joui Med Sc, 1897, cxiv, 23 

17 Councilman The Pathology of the Kidney, Jour Am Med Assn , 1906, 
3 * 

18 Joies Uebei die Aitenosldeiose dei kleinen Organai tei len, etc , Virchows 
Arch f patli Anat, 1904, clxxviii, 367, Ueber Artenenveianderungen bei Neph 
iitikein, XT'eibandl deutscli path Gesellsch , 1904, vii, 174 

19 Lohlein Uebei die entz X^eiandeiungen dei Glomeiuli, etc, Aib Pati 

Inst , Leipsic, 1907, No 4 
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taut point that the tiansition of chronic paienchjnnatons nephiitis into 
secondaij’’ conti acted kidney does not seeni^, from clinical and anatomical 
evidence, to be so raie as was foimeil}'' believed 

It may be stated then that the tendencj^ at piesent is to divide fanly 
strictly snbacute and chionic parenchymatons oi glomeiulonephiitis fiom 
what, for want of a better non-piejudicial teim, we may call primary 
contracted kidnev The relation of the foimei to amjdoid kidneys does 
not seem to be entirely clear, nor the relation ot the latter to arterio- 
scleiotic kidneys, although many believe that arteriosclerosis is a very 
important factor in its pioduction It is also piett}'- generally accepted 
at the present time that chionic parenchymatous nephritis may develop 
into secondary contracted kidney and, according to last reports, not so 
very rarely Exact data on this latter point are not available 

It must be aclmowledged, however, that many clinicians are not at 
all satisfied with any of the anatomical classifications so far ofi^ered As 
early as 1880, Greenfield^® insists that in chronic nephritis no strict sub- 
division IS possible A most interesting example of this point of view we 
find in Branlt, who, in 1884,-^ in perhaps the most admirable exact ana- 
tomical treatise on renal diseases, in collaboration with Coinil, developed 
a most elaborate anatomical classification of nephritis and who, in 1897,-^ 
insists that the present anatomical classifications of Bright^ s disease are 
unsatisfactory He says “The anatomical forms vary according to the 
intensity, the duration and the character of the irritation The 

most natural classification is that based on the etiology 

Both Leyden-® and Muller,®^ two of the foremost clinicians of Ger- 
many, voice the same opinion by pointing out that the diagnosis of 
anatomical conditions cannot be the chief aim of the clinician, and 
Muller proceeds to a most interesting attempt at an etiological classifi- 
cation which throws a flood of light on individual conditions but which, 
as a whole, is hardly entirely satisfactory HeTiick,^® in Osier’s “Modern 
Medicine,” in 1909, puts great emphasis on the point that no sharp 
clinical or anatomical subdivision of cases of chronic nephritis is possible 
or desirable and then gives one of the usual anatomical classifications in 
lieu of something better 

20 Greenfield Gianular Contr Kidney, Ti Patli Soe London, 1880, xxxi, 157 

21 Coinil and Branlt Etudes sur la pathologie du iien. Pans, 1884 

22 Branlt Classification clinique des nephritides, la Presse m^d , 1897, v, 
72, Les formes anatomiques varient suivant I’lntensitg, la duree, la quality de 
I’lrritation ” “La classification la plus natui elle devrait etre bas4e sur I’gtiologie ” 

23 Leyden Uebei Nieienscliiumpfung u Nierensklei ose, Ztsclir f klin Med, 
1881, 11, 133 

24 Mullei Moibus Brigbtii, Verliandl d deutscb path Gesellsch , 1905, 
IX, 64 

25 Heiiick Nepliiitis, Oslei’s Modem Medicine, 1909, vi, 103 
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Being inieiestcd in the stud} ol experimental chionic nephritis, it 
seemed to me necessaiy to obtain first a thorough nndeistanding of the 
conditions as the}'' occur in man, and mth this object in view I began to 
study my ovn mateiial ISrotliing new could be expected from a study of 
selected cases, but theie was some hope that the natural interrelation of 
the laiious tjpes with one another, and with associated conditions such 
as aiteiioscleiosis oi amyloid, would be biought out more cleaily by a 
complete studi of a considerable senes of consecutive cases embiacing all 
conditions, vith a special view to whatever renal, aiteiial or caidiac 
lesions might be picsent It was to be expected that such an examination 
would at least show u hethci any of the known schemes of classification 
weie sufficient ly coinpiehensive to include all cases which were actually 
obseived oi whethei, indeed, the different tjpes merged into another 
impel ceptibly ns is maintained b) some, or whethei it is possible to find 
fairh deal lines of subdivision 

One thousand consccutne cases seemed a sufficient numbei to exclude 
gross eiioi fiom chance, yet a number not too large to allow a sufficiently 
intensive stud} and of piopei handling of the mateiial A laige majority 
of the neciopsies u'led in the prepaiation of this paper weie performed 
by mv'^elf peisonallj, and microscopic sections from the most important 
oigans of all cases weie seen by me at the time Whatever statistical 
mateiial lias been obtained in this mannei can theiefore be vouched for 
as being accuiate, except uliere differences m interpretation aie possible, 
winch will be noted in its pioper place The last 200 cases were studied 
especially caiefully with the particular object of this paper m mind, and 
manj* of the foimei cases were lestudied thoroughly fiom preserved 
material, whenever it seemed at all desiiable to do so 

The study of these cases uas approached without anj' paiticular object 
in view and I hope, theiefoie, vith a mind free from all bias so far as it 
IS possible I was frequently somewhat surpiised at the results obtained 
and most particulaily when, in the end, a complete subdivision of all 
cases into fairly distinct gi oups resulted, without any special effoit m 
this direction 

The material studied was such as is found commonly m any large 
public hospital The following data from the last 300 cases will perhaps 
give a moie accurate idea There were nineteen children and voung 
adults to SO years of age, 148 adult males and thirty-two adult females 
Among both males and females, the larger number were between 40 and 
60 years of age The chief diseases encountered in these last SOO cases 
were as follows Manifest tuberculosis S6 5 pei cent , severe arterio- 
sclerosis 14 per cent , malignant tumors 9 5 per cent , pneumonia 8 per 
cent , endocarditis 7 5 per cent , evident syphilis 3 5 per cent , cirrhosis 
3 per cent , chionic sepsis S 5 per cent , and so forth The percen ages 
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aie not nnnsual, except the veiy high peicentage of severe aiterioscleiosis 
which became evident on a close stnd}’’ of the individual cases onh’- 

It IS a well-known fact that entiiely normal kidneys are found very 
raiely, especially in the later 5 eais of life It became necessary, there- 
fore, to establish how fai it was possible to eliminate such minoi changes 
fiom consideiation It might veiy well have been that just such more 
or less initial still undeveloped lesions could have thrown much light 
on the histogenesis of the more advanced cases, in fact, the clew to the 
whole situation might have been just theie A very careful gross and 
micioscopic study was theiefore made of the last 200 kidneys, which con- 
fiimed the geneial impression that these lesion‘s aie practically all of 
aiteiioscleiotic oiigin and that they do not help in elucidating any phase 
of oui subject, except in so fai as its relation to aiteiioscleiosis is con- 
cerned A moie detailed exposition of this pa't of the subject follows 
latei In legaid to then occurience according to age and sex, see Table 1 

It IS interesting to note at this point that, on the whole, general 
aiteiioscleiotic lesions develop comcidently with aiteiiosclerotie lesions in 
the kidneys, but that there is no stiict interdependence between the two 
processes, a fact, howevei, well established in medical literature (See 
Table 2 ) 

The next question which naturally piesented itself was whether it is 
possible to distinguish histologically or otherwise between these common, 
evidently aiteiioscleiotic, lesions and the severer lesions which are com- 
monh described as ^^chronic interstitial nephritis,’^ and which aie said 
to produce the “genuine or piimaiy conti acted kidney,” whether, as has 
been said so often, the kidneys of aiterioscleroiics were different fiom 
severe nephritis with arteiioscleiosis In spite of some personal inclina- 
tion toward the latter view, I have been unable to find any evidence to 
substantiate it Histologically, the lesions are absolutely identical The 
process evidently commences in the aiteiioles, the lesions in which have 
been especially well described by Jores^® and his pupils The glomeruli 
next become involved The lesions in them are also well known and have 
been made the subject of special study by Thoma,-® Tschistowitsch,^’’ 
Josue and Alexandrescu,^® Herxheimei,^® and others Initial stages of 
the piocess, contrary to the belief of some, aie fairly frequently seen vhen 
one looks over many such specimens They consist in the shrinkage of 
the glomerulus and a dense fibrous thickening of the capsule as shown 

20 Thoma Zui Kenntnis dei Ciiculationsstoiung in den Nieren bei clironisch 
Intel stitiellei Nepliiitis, Viicliows Aicli f path Anat , 1877, Kxi, 42, 227 

27 Tscliistowitscli Die Verodiing und hyaline Entaitung dei Malpighischen 
Korperchen der Nieie, Virchows AicIi f path Anat, 1903, cKxi, 243 

28 Josu6 and Alexandrescu Conti ibution a I’gtude de I’artgriosclfirose du 
rein, Aich de ined exp et d’anat path, 1907, Senes 1, xix, 1 

29 Herxheimei Uebei die sogenannte hyaline Degeneiation der Glomeiuli 
der Nieie, Beitr 7 path Anat 11 z allg Path, 1909, xlv, 253 



uwnivns of ixTinm-iL medicine 

111 Figiiie 1 This thickening in llie beginning is fairly cellulai The 
gloineiiihis at tins stage still contains some blood and the nuclei stain 
uell Eientualh the glonienilu‘= collapses entiiel}, lo«es all nuclear 
staining and is suiiounded by a Ihiclc ma«s of dense hyaline fibious tissue 
Elen then the leninant of the glomeiulus and the capsuiai h3alin 
aioiind it stain entiioly dilTeiently uitli the Van Gieson method The 
change has usually been inteipieted in this uaj that as a lesult of the 
disease of the aileiioles the blood-supply would be cut off fiom the 
glomeiulus, uhich then uas folloued b-^ its collapse, uhich in its tuin 
Mould piovoke the fibious thickening of the capsule I have the inipies- 
sion lathei that this is onl^ paitly tine and that the capsuiai thickening 



Fig 1— 90\ XII 75 Initial stage of glonieiulai lesions in aitenoscleiosis 

to some extent must be attiibuted to the extension of the pioliferative 

process in the arteiioles to the capsule 

The collapse of the tubules and the pioliferation of the inteistitial 
tissue Mdiieh accompany this change in the glomeruli is also too ue 
known to need fuitliei mention I may say, liou^evei, that here again 
I cannot quite accept the idea of those udio believe that the process is 
purely degenerative in chaiacter In inani^ instances, as Ziegler iirase , 
who IS otheiwise responsible foi the opposite viev^ has observed, evidences 
of a certain degree of inflammation aie quite u'ell marked The ce u ai 
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infiltration winch oeeuis in such cases is especiall}' well shown in Figures 
2 and 4, of which one lepresents an oidmary arteiiosclerotic scai, the 
other an advanced degree of lenal desti notion by a similai piocess, and 
even in those cases in which it is missing, this may be due to the fact 
that the process has come to a standstill, which it undoubtedly does 
eventually in the majority of cases Another fact which to my mind 
makes it impossible to accept altogether the view that the glomerulai 
lesions are entirely piimaiy and the collapse of the tubules and the 
proliferation of the connective tissue secondary, is this that in some 
instances the number of affected glomeruli is much too small to account 
foi the extensive lesions in tubules and connective tissue 

TABLE 1— SHOWING DISTRIBUTION OP ARTERIOSCLEROTIC LESIONS 
ACCORDING TO AGE AND SEX 



1-20 

20-40 

Yrs 

40-60 

Yis 

Over 60 

Yrs 

Kidney s 

Yis 

M 

P 

M 

P 

M 

F 

Free fiom scars 

18 

7 

4 

6 

2 

1 

0 

Small seals 

1 

20 

7 

47 

0 

24 

1 

Large scars 

0 

2 

1 

10 

4 

15 

1 

Arteiiosc'erotic nephritis 

0 

2 

0 

4 

1 

6 

0 

Othei lenal lesions 

0 

4 

1 

1 

1 

0 

0 

Totals 

19 

35 

13 

68 

17 

46 

2 


TABLE 2— SHOWING RELATION OP ARTERIOSCLEROTIC RENAL LESIONS TO 
GENERAL ARTERIOSCLEROSIS AND TO CARDIAC HYrER- 
TROPHY IN 200 CASES 

Blood Wessels Elsewhere 


Kidneys 

Normal 

Slight 

Moderate 

Marked 




General Arterioscleiosis 

Without scars 

31 

6 

1 

0 

With small scars 

23 

52 

19 

14 




1 with cardiac 

6 with cardiac 




hypertrophy 

hypertrophy 

With laig.' seals 

5 

13 

8 

7 


3 with caidiac 
hypeitiophy 

With artel loscleioti., nephritis 0 2 4 8 

1 with cardiac 4 with caidiac 8 with cardiac 
hypei trophy hypertrophy hypertrophy 


Casts aie very commonly observed m the tubules in the affected areas 
probably on account of the stagnation of secretion I cannot find any 
evidence, however, that they have an}'' impoitant relation to the lesions 
as a whole, as has been suggested by Aufiecht, in 1894,®° and later by 
Ponfick 

In regard to the formation of cysts (glomerular and epithelial) in 
such lesions, one factor has haidly received sufficient attention in then 
production, namely, the shrinkage of the adjoining tissues I am inclined 
to believe that this is quite important because of the fiequent association 

30 Aufreclit Zum ISIacliweiss zweiei Nephntisai ten, Deutseh Arch f klin 
Med , 1894, hii, 531 

31 Ponfick Uebei Moibus Biigbtn Veibandi deutscb path Gesellscb , 
1905, IV, 49 
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widi it of a clilaiaiion ol ilio capillaiieg ni the '•ajae aieas which 

haiclh adiiiil'^ of aii} otlici inlei pi elation Beei''= has called paiticulai 
aiiention lo the fi eqiionc} of c'yslic dilatation of the glonieiiili in such 
case'; as slioiin in nn Figuie 4, and hoin iiiy expeiience T am cextain 
that these cists cannot all be explained as of congenital oiisin as siig- 
goclcd A^jcholl 

higuic« 1 2. 3 and i I hojie will illiistiate siifiieientl-^ i\hat t 3 pe of 
pioco'js J bclieie to belong to this cla«s and I inai ^ay again that, besides 
the inechanical inoinent ol intcifcience with the ciiculalion whiHi 



Fjg 2 — 00\ X7]I‘J5 Laige aitenoscleiolic scai with consideiable cellular 
infiltiation 

undoiibtedh" is impoitant, the evidences of an accompan 5 'mg low giade 
of inflammation should not be ovei looked 

The distiibntion of the pioccss vanes vei^ much in different cases, 
sometimes one finds man)’' small foci scatteied faiily regularly through 
the lenal tissue, at othei times one finds a veiy iriegulai distiibation ivith 
the foimation of the well-knoivn inegulai laige purple scars The lesfc 

^ Beer”^ Occunence of Cystic Changes in the Malpighian Bodies, etc, Am 
Jour Med Sc , 1904 
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'iAHLK ! — VU'i KRlOhCI.LUOfelvS, CARDIAC riiPERTROPIIl, SLIGHT 


Number 


Gcncial Condition 


1 

0 

.1 

II- G 

II I- 7 

I 37 

4 

5 
<> 

7 

5 II 00 

A III 6G 
III 50 

5 11-30 

S 

n 

10 

I GG 

Xill-lOl 

xn-71 

11 

XII G2 

12 

1 { 

14 

1.5 

VII 20 

1 IiM2 
Xni-112 

1 1 6 

IG 

III 69 

17 

VM7 

IS 

5 III 79 

10 

III 55 

20 

MS? 

21 

t II 71 

22 

[\ 11 ? 

23 

IX 7S 

24 

1 ir 43 

25 

1 III GG 

2G 

XII 75 

27 

M5 

2S 

I 75 

29 

II-7 

30 

31 

II 29 

III 33 

32 

33 

in 34 

III ns 

34 

IV 33 

35 

n 34 

3G 

IX 72 

37 

XII-53 

S 

xn 79 

39 

IV 10 

40 

VI 48 

41 

VIII 62 

42 

IX 14 

43 

xrn-107 

44 

45 

TV-78 
t IM2 

46 

HI 99 


Stionfr mnri of 45 
Mnii of OS 
Vnn of 61 

nmneliitcd old mnn 
Hninclntcd mnn of Co 
Mod stionji: man of C5 
Stiong mnn of middle nge 

Sttong mnn of r>o 
Mod stioiig mnn of lo 
I’ooth noinlshod mnn of C" 

Sliong mnn of o2 

SI long old man 
SI long mnn of GO 
SI long in in of n 
I'Odilj nomisliod old mnn 

Stiong tn in of 50 

Sliong, ^(out mnn of 70 

Pinncinlcd old mnn 

Slioiig old man 

Slout mnn of G1 

rmnclntod old mnn 

Stiong man of 70 

Pooih nouiKIied old mnn 

Mod stiong mnn of 05 

Mod stiong mnn of 07 

Stout woman of 45 

Poorh noiii islicd mnn 

Stiong old man 

Stiong, stout old mnn 

\o data 

Stout mnn of o 5 , iinintci 

Stout worn in of G7 
Stiong mnn of 40 


Stiong man of 50 
Stiong man of middle age 
Stiong old negio 
Stiong man of 40 , palntei 
Stiong woman of 42 
Paiih stiong man of 00 
Stiong man of 70 
Stout man of 55 
emaciated man of 02 

Stiong man of 55 

Stiong old man 
Stiong man of 65 

Stiong man of 41 


Aoita 


Mailvcd ntlicioraa 
toil inntKod ntheiomn 
Loenl ntheiomn of arch , 
nnciinsm 
MniKod ntheiomn 
Mnikod ntheiomn 
Veil ninikcd ntheromii 
Motived ntheiomn , nneu 
I ism of arch 
Mnikcd ntheiomn 
Model ale athcioma 
Mniked nlheiom i 

Moderate ntheiomn 

Model ale ntheiomn 
Model ale nlhcioinn 
Modeiale ntheiomn 
Veil maikcd ntheiomi 

\fnrkcd atnoioina , .men 
iisin of nich 
Icij mnikcd ntlieiomn 

Maiked ntheiomn 

5 on' mnikcd nlhciomn 

Slight ntheiomn 

ArnikM ithQiomn, nncii 
iism of inch 
\ei} maikcd ntheiomn 

Mnikcd local athcioinn, 
smnll incuiism 
Modcuite ntheiomn 

Model nte alliciomn 

Maikcd ntheiomn 

Mniked niheiomn 

Alaiked athcioma 

Maikcd athcioma 

^laikcd ntheiomn 
Model ate atheiomn 

leii mniked ntheiomn 
Slight ntheiomn 


Veil maikcd local ath- 
eioma , ancui of aich 
Maiked athcioma 

Modeiate ntheiomn 

Mnikod athoioraa 

Veil maikcd locnl nth 
cioma aneiii ofaich 
Maiked ntheiomn 

Modeiate athcioma 

Slight athcioma 

Slight athcioma 


Mnikcd atheioma 

Slight atheioma 
Moderate atheioma 

Veiy maiked atheioma 


Pcupheial Art 


Moderate nrtciiosclerosls 
Little aiteiioscleiosis 
Little aiteiioscleiosis 

Lftlle nrterloscleiosis 
Alodeintc nitoiloscleiosis 
Modtrnto nitcriosclorosis 
Little arteiloscleiosls 

■'laiked niteriosclcrosis 
5Iodoiate aiteilosclerosls 
Maiked niteiiosclerosis , scars in 
henit muscle 

Mnikcd ni teiioscleiosis , scars in 
left loiitiltle 
Marked ni teiioscleiosis 
\eii mnikcd nrterloscleiosis 
5Iaikod aiteiioscleiosis 
Marked niteiiosclerosis 

Model nte aitcrlosclerosis 

Afodoiate aitcriosclciosis 

Marked aiteiioscleiosis scais in 
ho II t muscle 
Maikcd aiteiioscleiosis 

Milked ni teiioscleiosis, anemic 
iioeiosis of left lontiicle 
Maikcd aiteiioscleiosis, few scats 
in left lentilcle 
Alodeiate aiteiioscleiosis 

Mniked ni teiioscleiosis , iaige 
scais in left lentilcle 
Ifniked ai teiioscleiosis 

Mnikcd aiteiioscleiosis, scais in 
he lit muscle 
Mnikod aiteiioscleiosis 

Mnikcd aiteiioscleiosis 

Mniked niteiioscleiosis , gastiir 
iilcei , seal in left lentiicle 
Mniked niterioscleiosis , scars in 
henit muscle 

Modeiate niteiiosclerosis 
IMaiked aiteiioscleiosis 

■\raikcd aiterioscleiosis 
Slight gen aiteiioscl , aneiinsm 
of light tlniold ait , thiom 
bosis of anonima and light 
caiotid niteiles 
Maiked aiteiioscleiosis 

Marked aiteiioscleiosis 

Maiked aiteiioscleiosis 

Maiked aiteiioscleiosis 

Marked aiteiioscleiosis 

Slight aiteiioscleiosis 

Modeiate niteiiosclerosis 

Modeiate aiterioscleiosis 

Mod nitciioscl ohsti 0^,90100811 
aiteiv, neciosis of wall of lett 
ventiicie 

Maiked aiteiioscleiosis 

Maiked aiteiioscleiosis 
Maiked aiterioscleiosis, scais m 
henit 

Moderate arteiioscieiosis 





LESION OF KIDNEYS, ARRANGED ACCORDING TO SIZE OF HEART 

adhesion of the capsule, a slightly gianulai suiface especially along the conveyiti Theie may be 
what leduced and induiated The epithelium may be entiiely noimal oi may show vaiious teiminal 


Heart 


Condition of Geneial 
Ciiculation 


Othei Impoitant Lesions 


Slightly enlaiged 
Slightly enlarged 

Slight hypertiophy of left ventricle 


Good 

Good 

Good 


Pneumonia 

Dysenteiy 

Syphilis 


Slight hypertiophy of left ventiicle 
Slight hypeitiophy of left ventiicle 
Slight hypeitiophy of left ventiicle 
Slight dilat and hypeiti left ventiicle 


Good 

Good 

Good 

Beginning distuibance 


Infection of uiinary tract 
Saicoma of stomach 
Old apoplexy 


Slight hypeiti and dilat both ventiicles 
Slight hypeitr and dilat of both sides 
Mod hypeiti and dilat of both sides 


Beginning distuibance 
Beginning distuibance 
Maiked chion distuibance 


Pneumonia 


Some hypertr and dilat of both sides 

Mod concentiic hypertr of left ventiicle 
Maiked concentiic hypeitr left ventiicle 
Maiked concentric hypeiti left ventiicle 
Maiked concentiic hypeiti left ventiicle 


1% times noimal 
ot left ventiicle 
1% times normal 


maiked hypertrophy 


1% times noimal , hvpeitr left ventiicle 
mostly hjpeitiophy 


mostly hypeitiophy 
mostly hypeitiophy 
mostly hypertiophy 


lY;, times normal 
of left ventiicle 
lYi times noimal 
of left ventiicle 
lYi times normal 
of left ventiicle 
lYi times noimal 
of left ventiicle 
11/2 times noimal, dilatation and hyper- 
tiophy on both sides 

lYi times noimal, mostly hypertiophy 
of left ventiicle 

l%-2 times noimal , marked hypeitiophy 
and dilatation of entiie heait 
18x12 cm marked hvpeitiophy and dila- 
tation of entile heart 
2 times normal, hypertiophy and dilata- 
tion of both sides 

2 times normal, hypertiophy and dilata- 
tion of entile heart 

2 times normal , hypertrophy and dilata- 
tion of entile heart 

Maiked hjpeiti and dilat entire heait 
2 times noimal , hypeitiophy and dilata- 
tion of all cav 

Maiked hypeiti and dilat entiie heart 
2 X noimal , marked hypertiophy and 
dilatation of entire heait 


2 X noimal, maiked hypeitiophy and 
dilatation of entiie heart 

- X noimal , maiked hypeitiophy and 
dilatation of entire heart 
X normal , maiked hypeitiophy and 
dilatation of entire heait 

- X normal , marked hypeitiophy and 
dilatation of entire heait 

-0 X 15 cm hjpeitiophy and dilatation 
of entile heait 

niaiked hjpeitiophy and 
dilatation of entiie heart 

--0 X noimal, maiked hypeitiophy and 
dilatation of entire heart 

- 3 X noimal , marked hypeitiophy and 
dilatation of entiie heart 

--8 X normal , dilatation and hj 
tiophy, largely heart 


tion of both sides 
3 X noimal 
^ > marked hypertrophy and 

dilatation of entire heait 


j i ^ ’ “laiivea iiypei 

dilatation of entiie heart 


Marked 

chron 

distuibance 

Good 

Slight chionic 
Good 

Good 

disturbance 

Good 



Good 



Marked 

chion 

disturbance 

Maiked 

chion 

disturbance 

Maiked chion 

disturbance 

Little disturbance 

Maiked 

recent 

disturbance 

Begin chionic 

disturbance 

Begin chionic 

distuibance 

Maiked 

recent 

disturbance 

Maiked 

chion 

disturbance 

Maiked 

chion 

distuibance 

Good 



Maiked 

chion 

disturbance 

Marked 

Maiked 

chion 

chron 

distuibance 

disturbance 

Good 

Marked 

chion 

distuibance 

Maiked 

recent 

disturbance 

Maiked 

chron 

distuibance 

Good 



Mod chronic distuibance 

Maiked 

chion 

disturbance 

Maiked 

cm on 

disturbance 

Maiked 

chion 

disturbance 

i Maiked 

chion 

disturbance 

■ Maiked 

chion 

disturbance 

■ Maiked 

chi on 

disturbance 

Maiked 
Mai ked 

chion 

chron 

disturbance 

disturbance 

1 Maiked 

chion 

disturbance 


Cerebral hemorrhage 
Cerebral softening 
Cerebral softening 
Chronic volvulus , gouty de- 
posits m kidneys 


Emphysema , gouty deposits 
in kulnevs 


Gouty deposits in kidneys 
Caicinoma of stomach 


Chionic cholecystitis 

Chole’ithiasis and suppur 
ative cholecystitis 


Syphilis 

Ceiebial softening 
Fracture of neck of femur 


Syphilis 


Chionic suppuration in 
uiinaiy tract 

Septic endocarditis, emphy 
sema, peritonitis 
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AKGlinnfi OF }KTIJJ{K\L MUDJCJXE 


dividing hue belveen maiked ai lei 10 = 0 ! eiosiP with se^ele lenal 
lesions and what I ]la^e teiined “aiteiioscleiotic nepliiilis” is pniel> 
aibiliaiy in fact inanv ca^es ■\\liicli on moie caiefiil examination pioved 
to bo cases of geneial aiteiiosclero'Jis Mith compaiatively insignificant 
lenal lesions veie diagnosticated at the autopsy table as “chionic intei- 
stitial nophnti':’ vitli caidiac hypeitiopb>, etc. undei the mistaken 
assumption that the lonal lesion uas the most impoitant phenomenon 
I believe tlial tbi= mistake is made quite commoni} and that in many of 
these case's clinicallv and anatomically too much emphasi': is placed on 
the condition of the kidneys 

The abstract of cases of maiked aiteiioseleio'sis vithout Inpeitiopln 
and Tables 3 4 and 5 give the most impoitant detail's in legaid to these 


'1 innn 1 — aiitmuosclluosis cAnniAC' ii\i>Liriiioi>iiy, MODiuvinrA exten 
.SHE LESION IN KIDNIIS AUlt \NG1 D VCCOUDINC! 'JO SIZE OE IlEVRT 

'1 ho Ki(lno^‘, of this ‘-ciios *.ho\\ much moio n(l\ incod lo'.ions Tlio copsiilc is usinlh 
moi( 01 lo^s ndheionl, iltlioiiKli In soim tnsts it stiijm leinnikabh well '1 he Kidnc\s oit nil 
distlnttl\ iodut(d in si/o 'J ho sniiilli st ono (11 ll) nions\ucs lOvIxS cm 'Jhe suiface 
'.ho\%s two ttpos of h slon , (Itiioi 11 is Iiir 1\ >,innnhu oi it sliows Hif.c iircgul'ii, lotnctcd 
s( us Ficqiionlh th( sr two conditions uo tomhlnod '1 lu roliattod pails lie oiwais of a 
daiKpuiple toloi i(i\ hud, the tissue in hotwoon giai, oi opaque and leliowish when 
thoio is much gi uiulai and fU(\ degonoiation On tlie cut suiface tlic coite\ is found 
considoi ilih I educed, moie os|iocinlh so in (hose jilacos wlieic tlieu me laige scais on the 
suiface 'Jhe mail{int,s on the <ut suifice iie oflin moie oi less indelinite 'I'he lesions, in 
shoit, aie siidi a* aie (oinmoiih disci llxd ns those of a niodeiateh idianced inteistitial 
neplultls witli oi witliout assoilntcd p iicncln matou« desiiieintion and, in fact, this was 
till* diagnosis made in the majoilti of cases at the post inoitem t ihle 


Number 

i 

Gonoial Condition 

Aoi ta 

Peiipheial Art 

1 

II 21 ' 

I’ooih nouiished man 

Maiked atheioma 

Mod ai teiioscleiosis 

d 

IV 40 

Strong man of GO , cleik 

No atheioma 

Mod ureiioseleiosis 

1 

VI 101 

in w Inoi \ 

Emaciated old man 

Sliglil atheioma 

Mod ai teiioscleiosis 

4 

VII-107 

Stiong man of 00 

Alaiked ‘’tlicroma 

Maiked ai teiioscleiosis 

J 

XII 01 

Stiong man of GO 

Sllglit allieioma 

Mod ai teiioscleiosis 

G 

V-10 

Stiong man of 07 

Model ate atheioma 

Maiked ai teiioscleiosis 

7 

IX 70 

Stiong man of GO 

Model ate atheioma 

Jfaiked aiteiioscleiosis , 
scais in lieait muscle 

s 

XII S3 

Stiong man of 70 

Slight atheioma 

Mod aiteiioscleiosis 

') 

1-9 

Emaciated man 

Ven maiked atheioma, 

Milked aiteiioscleiosis 



fusifoim aneiuism 

Mod ai (enoscieiosis 

Mod uterioscloiosib 

10 

11 

XIII-72 
III 9 

Emaciated man of 70 
Emaciated old man 

Maiked atheioma 

Model ate atheioma 

12 

IV 57 

Emaciated man of 50 

Jlodeiate atheioma 

Maiked arteiioscleiosis 
scais in heart-muscle 

13 

V-4 

Stiong man of 43 

Little atheioma 

Milked aiteiioscleiosis 

14 

lV-71 

Stiong man of 54 

Slight atheioma 

Maiked arteiioscleiosis, 
g'lstiic iilcei 

15 

A^-14 

Stiong man of 63 

Modeiate atheioma 

Maiked aiteiioscleiosis 

10 

17 

18 
19 

AOII 45 
IX-t7 

XII 28 
XIV 33 

Emaciated man of 65 
Stiong man of 57 

Stiong man of 50 

Stiong man of 50, 
painter 

Slight atheioma 

Slight atheioma 

Maiked atheioma 

Slight atheioma 

Milked aiteiioscleiosis 
Maiked aiteiioscleiosis 
Maikeci aiteiioscleiosis 
Slight aiteiioscleiosis 

except in kidnejs 
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cases Figure 2 shows a section of one of the kidneys with model ate 
a itei lose] erotic lesions, and Figures 3 and 4 specimens of “aiteiioselerotic 
nephritis ” 

I shall discuss the results obtained under the following headings 

1 Eelation of arterioscleiosis to lenal disease 

2 Occurrence of hypertension and cardiac hypeitiophy m aiteiio- 
sclerosis and in “aiteiiosclerotic nephritis” 

3 Eelation of these conditions to lead-poisoning and gout 

I RELATION OE ARTERIOSCLEROSIS TO RENAL DISEASE 

Ever since the appearance of Gull and Sutton’s^® famous papei, in 
1872, the relation of aiterial disease to nephiitis has been a very much- 
discussed topic Some of Gull and Sutton’s histologic findings may be 
open to doubt, still I believe they deserve great credit foi having first 
suggested that there is a disease in which tlie arterioles thiongliout the 
body are altered, vliich constitutes “a geneial moibid change of which 
contraction and atrophy of the kidne 5 S is pait and parcel” Then con- 
tentions have been disputed by many eminent authoiities and just as 
vigorously embiaced by others One could fill pages ivith literaiy quota- 

33 Gull and Sutton The Pathology of the Moibid State Coinmonlv Called 
Blight’s Disease with Conti acted Kidney ( Aiteiio-Capillaiy Fibrosis), Medico 
Cliir Ti , 1872, Iv, 273 


Heait 


Condition of Geneial 
Cnculation 


Othei Impoitant Lesions 


Slight enlaigement 
Slight geneial enlaigement 


Good 

Good 


Slight hypeitiophy of left ventiicle 


Good 


Model ate hypeitiophy of left ventiicle Marked chionic distuibance 
uodeiate hypeitiophy of left ventiicle Mod chionio distuibance 


lyi Xnormal, modeiate hypeitiophy and 
dilatation of both vontiicles 
ly xnoimal, modeiate hypeitiophy and 
slight dilatation of both ventucles 
lAXnormal, slight hypeitiophy of left 
ventiicle 

Mod hjpeitiophy and dilatation of hcait 


Maiked chionic distuibance 
Maiked chionic distuibance 
Good 

Maiked chionic distuibance 


Caicinoma of stomach , ciiihosis 
Caicinoma of esophagus, gouty deposits 
in kidnevs and joints 
Chionic tubeiculosis of lungs, gouty de 
posits in kidnejs 

Gouty deposits in kidnejs, embolism left 
middle ceiebial aiteij’^ 


Ceiebial heraoiihage, beginning caicin 
oma of piostate 


Modeiate hypeitiophy of left ventiicle 

Maiked concentiic hypeitiophy of left 
lentude 

Maiked hi pel tiophy and slight dilatation 
of left ventiicle 

Maiked hj Pel ti and slight diiat left ven 
tilde, slight hypeiti light ventiicle 


Good 

Good 

Recent distuibance in cii- 
culation 
Good 


“ ^ noimal, hypeitiophy largely of left 
^ent^lcle 

2 X noimal , hypeitiophy and dilatation 
of entile heait 

Maiked concentiic hypeiti left aentiicle 

2 > X normal 

ten laige, especially left side 

’ ^®ty maiked hypeitiophy 
of left ventiicle 


Maiked chionic distuibance 

Maiked chionic distuibance 

Slight chronic distuibance 
Marked chronic distuibance 
Maiked chronic distuibance 
Maiked chionic distuibance 


Ceiebial hemoiihage 
Ceiebial hemoiihage 


Healed tuberculosis knee and light testis , 
chronic tuberculosis of light kidney , 
old and lecent hemoiihage m brain 


Multiple aieas of softening in brain 
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lie 

tions foi and again'^t Coinil and B]aiilt,=i foi instance, in then excellent 
Moik aio vei} inneli opposed to this view, Oiih,^® in his classic treatise 
on patholog}’', belle^es that in chionic inteistitial nephiitis the ^ascuJa^ 
clianges aie not essential and piimai^ because their seventy does not 

T\nu: "i — MiTi.inosf Liniojic M5i*iiiutj.s aiiiiax&ed vccoiimxG to size 

or IIKAIIT 

'I lie Kidno\s of llio thlid si'ilcs iOM>ml)lc \on tloseU tliosp m the second soiies, onh 
the lesions mo of n inucli inoie oMionie deRicM> llie capsule is noted adheiont in all 
except one (1 IS) 'i'lie suifacc is Kiamiln, often full of Imge deep scais Tlie coloi 
of the Kidneis is usunlh a daik iimple with llRlitei Run oi ullowish spots, In a few 
instances the Kldiuis, howeiei me desiiihed as dlffuseh pale (white contracted 
kldneis) 'Jhe kidnei tissue is xcr\ hmd The sl/es \nn fioni Ijxlxiy cm (with 
some Inpeitiopln of the fattc tissue mound the leml pel\is) to S\4\j *On the cut 
suifaci tlie coit(>\ is alwacs found imicli lednced, to aiipioxlmatola 2 1 mm in dnmetei 
The mukltiRs of tlie cut suifacc me dcscilhed as pool “oi indistinct” in all cases In 
spieial sjieclnuns tlie coitix w is full of casts of annliiR sl/es 'Iliis was paiticulmh 
noticeihle In Cases XIll SO and XII 1 I The cases then, uc tapical examples of what is 
comnionh descilhid as adamiccd ‘‘ki.iiiulm atiopln ’ oi as "tlie led conti icted kidnei ’ 
h\ the 1 riRllsh mitliois 


Number 


General Condition 


^ 1 Ji) 

Aoita Peiiphcral Art 


1 III-To 

2 Mil 01 
i VI 50 

4 XIII 31 

5 XIII 42 
G A 91 

7 1 101 

S XII 12 
0 III-IO 

10 XIII 7G 

11 I 10 

12 I 100 

13 1-2 

14 VII 108 

15 VIII 34 
IG XIII SG 

17 VII-79 

18 Mil 55 

19 V-IS 

20 VII 09 

21 XII 43 

22 IX 57 

23 XIII-70 

24 VII 59 

25 XIII 100 

26 XIII-103 


Stout old man 

Emaciated woman of 41 
Emaciated man of 00 

Emaciated iouiir man, 
load anomia 
StioiiR man of 50 
Model atoh stionp man 
of GO, paintci 
Fat old man 

SlionR man of 05 
Emaciated man of 02 
Fill iclatcd man of 05 

Stiong oid man 

Faiiij strong man of 37 

Stiong man 

Stiong old man , paintci 

Emaciated man of 48 , 
palntei 

Stiong man of G4 
Emaciated man of CO 
Emaciated man of 77 
Stout man of G2 
Inemic man of 41 
Emaciated woman of 42 


Stiong man of 05 


Anemic man of 70 

Stiong man of 49 

Emaciated man of 79 , 
anemic 

Anemic man of 31 


Maiked atheioma 

Slight atheroma 
Noimal 

Atiophic 

Moderate atheroma 
Noiinal 

Marked atheroma 

Maiked atheioma 
Maiked atheioma 
Modeiate atheioma 

Xlodei ite atheioma 

Siiglit atheioma 

Maiked atheioma 

Slight atheioma 

Noimal 

Moderate atheioma 
Consideiable atheioma 
Maiked atheioma 
Slight atheioma 
Noimal 

Maiked atheioma 

Maiked atheioma 

Slight atheioma 
Maiked atheioma 
Marked atheroma 
Slight atheroma 


Jlaikcd aiteiioscleiosis 

Maiked arteiioscleiosis 
might aitcrlosclerosis 

Mod aitonoselerosis 

Maiked aiteiiosclerosis 
Little arteiioscleiosis 
except in kidney 
Little aiteiiosclerosis 
except in kidney 
Maiked aiteiiosclerosis 
Mod aiteiioscleiosis 
Maiked aiteiiosclerosis 

Mod aiteiioscleiosis 

Maiked aiteiiosclerosis, 
gastiic ulcei 
Maiked aiteiiosclerosis 

Mod aiteiioscleiosis 

Little aiteiioscleiosis 
except in kidneys 
Maiked arteiioscleiosis 

Milked aiteiiosclerosis 

' Ma -ked ai tenosclerosis 
in kidneys 

Maiked aiteiiosclerosis 

Little aiteiiosclerosis 
except in kidneys 
Maiked general aiterio 
scleiosis 

Mod aiteiioscleiosis ex 
cept in kidneys 

Xlod aiteiioscleiosis 

Mod aiteiiosclerosis 
scais in heait muscle 
Marked arteriostleiosis , 
tscais in heait-musoie 
Mod ai terioscleiosis 
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always conespond with the extent of the lesions, wheieas Holsti,®^ Anf- 
recht/® and others are quite positive that in piimary contiacted kidneys 
the vaseulai lesions are general, that they precede the lenal lesions and 
that many of the symptoms depend lather on thorn than on the associated 
disease of the kidneys Zieglei,^* in his well-known aiticle, says positively 

Arteiioscleiosis is one of the most fiequeiit causes of contiacted kidney 
Quite a pioportioii of small red kidneys aie contiacted as a consequence of 
arteriosclerosis The contraction of the kidney is only one manifestation 

of a disease of the vascular system extending over a laige part of the body 

(Die Ai tei losklei ose ist erne dei haufigsten Uisachen der Nieienschiump 
fung Em nieht geiingei Theil dei kleinen lothen Nieien ist in Folge von Arterio 


34 Holsti Uebei die Vei indei ungen der feineren Aitenen bei gianulosei 
Niei enati opine, Deutsch Aich f klin Med, 1886, wxviii, 122 


Heart 


Condition of Geneial 
Ciiculation 


Othei Important Lesions 


Blown atiophi 

Slightly enlaiged 
Slightl 3 ’’ enlaiged 

Slight hypertrophy of loft ventucle 

Slight hypertiophy of left ventucle 
Slight hj'peitiophy of left ventucle 


Good 

Good 

Good 

Slight lecent distuibance 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Maiked chionic distuibincc 

Good 

Good 

Good 

Marked chionic distuibance 
Good 

Maiked lecent distuibance 
Maiked subacute distuib 
Maiked recent distuibance 

I 

Maiked subacute distuib 

Maiked chronic distuibance 
Maiked chronic distuibance 
Marked chronic distuibance 
Slight lecent distuibance 


Slight hspeitiophy of left ventucle 
Laige and fiim 

Modeiate hypeitiophv of left ventucle 
Moderate concentuc hypeitiophy of left 
ventucle 

Modeiate concentuc hypeitiophy of left 
ventricle 

Maiked concentuc hj per trophy of left 
ventucle 

Marked concentuc hypeitiophy of loft 
ventucle 

Maiked concentuc hypeitiophy of left 
dilatation of light ventucle 
IwXnormal, concentuc hypeitr of left, 
,,yyP6iti and dilat of right ventricle 
1% X noimal , maiked hjpeiti of left, 
bypeiti and dilat light ventucle 
^ , maiked concentuc hypeiti 

I ®^‘Sht hypeiti light ventucle 

IVjX normal 

1% Xnoimal, hypeitiophy and dilata- 
tion of both sides 

IVj Xnoimal , concentuc hj^peiti of left, 
^^ipeiti and dilat of ught heait 
1 /j ^Xnoimal , marked concentuc hypei- 
of left some hypeitiophy and 
dilatation of ught ventucle 
“"ki ™oiked hypeitr slight 

dilatation of left ventricle, hjpeiti 
and dilatation of ught ventricle 
-Xnoimal, maiked hypeitiophy and dil- 
atation of both sides 

o4 X noimal marked hipeitrophy and 
modeiate dilatation on both sides 
' , Pise . Inpeitiophj and dilatation 

of both sides 

1 cu laige, maiked hipcitrophy of left, 
some dilatation of ught side 


Died aftei piostatectomy , gouty deposits 
in kidnej's 

Chionic tuberculosis of lungs 
Lobar pneumonia , gouty deposits in kid 
neys 

Gouty deposits in kidneys 

Acute anemia following operation 
Gouty deposits in kidnej's and joints 

Suppurative pj elonephiitis , gouty depos 
Its in kidnej's, joints skin, teim sepsis 
Gouty deposits in kidnejs 
Ciicinoma of esophagus 
Ceiebial hemoiihage gouty deposits in 
kidneys 

riemoiihagic diathesis 

\cute peiicaiditis and peiitonitis 

Gangienous ulcei on log 

Lead anemia , diop wiist , gouty deposits 
in kidneis and joints 
Lead anemia dion wrist , gouty deposits 
in kidneis and joints, peiicaiditis 
Multiple hemouhagic foci in biain 

Chionic ulcei on back of left foot 

Uaiesolvcd pneumonia, peiicaiditis 


Gouty deposits in kidnoi s 


Gouty deposits in kidneis, lecent plen 
usy 

Veute dj'senteiy , goutj deposits in kid- 
neys 

Gouty deposits in kidneys 

Chronic emphjseira 

Ceiebral hemoiihage, gouty (’) deposits 
in kidneys 
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Still lie moists Hint sometimes aiteiioscleiosis m kidneys is local and 
'ccondai} Joies/® nho in the la'^t jeais has made a veiy caiefnl study 
of aileiioscleiosi'! and associated conditions, comes to this conclusion 

llie nnpoitance of the clinnges in the ^c‘:sc]s for t)ie destiiiction of the 
gloinonili, and tliiis for tlie deielopment of conti acted Jvidnoy, should he leco" 

ni/ed in all fonns of nephntis in which tlicie is aiteiioscleiosis of the smallest 
vessels “ 



Fig 4 — 50x VII 91 ^Maiked «ii teiioscleiotic nephntis Consideiable cellulai 
infiltiation Many cjsts Few' Inpcitiophic leiniianls of noimal tissue 


I believe that a careful sciuliny of mv cases cannot leave loom foi 
doubt in regal d to the fact that the oidinan' led gianulai conti acted 
kidney is the result of geneial aiteiioscleiosis and that in many of these 
cases the general aiteiioscleiosis is much nioie important, in legaid to 
the general condition of the patient, than the renal lesion wdiich he ma}’’ 
have at the same time Bradford,^" horn a similar point of vieiv, eliini- 


35 Die Bedeutung dei Gef i^s Altention fin das Ziigi undegehen dei GlomeiuJi 
iind damil fni die Entsteliung einei Schiumpfniere ist fur alle Fornien 

von Nierenentnindung anziieikennen, vvelche nut Artei losklerose dei kleinsten 

Gef.isse einhergehtn , iok 

30 Bradfoid Bright’s Disease and its Varieties, Lancet, 1904, ii, l^o 
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nates the led gianulai kidne3’’s fiom Bright’s disease altogether, which 
may seem a somewhat exaggeiated jiDsition to hold but which ceitainly 
has something to commend it as it emphasizes that it is wrong to look 
at these conditions from the point of view of the kidney only, which is 
the common fault at present 

The lenal lesions, on the othei hand, to mv mind are not purely 
degeneiative in charactei In the lenal tissue, the inflaramatoiy element 
in this geneial disease is much more evident than it is in the small 
arteries in which, as was fiist suggested b} Fiiedeinann,®' and later ver) 
conclusively proved by Joies, the lesion consists laigely in an apparently 
hyperplastic pioliferation of the elastic tissue in the intima, wheieas the 
mflammatoiy natuie of the piocess is again much nioie marked m the 
laige aiteiies, more especially in the aoita Eodeier^® of Philadelphia 
has quite lecently very cleaily expiessed the same opinion fiom a clinical 
point of view He saj^s 

“Chiomc Intel stitial nephritis is an mflammatoiy disease of the arteiies 
possihlj'’ piineipally of the terminal aiteiies If this be conect then ehionic inter- 
stitial nephiitis IS not the conect teim to use to desciibe the disease Chionie 
arteiial fibrosis would be a bettei teim” “When the inflammation of the blood 
vessels in the kidneys extends to the paienchyma of the kidneys, then an examina- 
tion of the uiine will show casts and albumen” “Because the examination of 
the urine shows disease, it seems to me that is the leason why ehionic inteistitial 
nephiitis has been called a disease of the kidneys ” 

II OCCURREXCE OF HYPERTEXSIOX AXD CARDIAC HYPERTROPHY IN 
ARTERIOSCLEROSIS AND ARTERIOSCLEROTIC NEPHRITIS 

What aie the facts in legaid to the lelation of vasculai and renal 
disease to hypei tension and caidiac h3'peitiophy ^ 

In a little over one-thud of oui cases of marked geneial aiteiio- 
sclerosis theie is no caidiac h3'peitiophy These cases aie vciv biiefl) 
absti acted below As shown theie, this lack of evidence of hypertensiou 
may be due to geneial malnutrition in thiit3^-one cases, although, as 
Joies®*^ has coiieetly pointed out, malnutiition is no bar to caidiac hyper- 
tiophy when caused b3'’ othei conditions, theie aie also in addition six 
cases, or fifteen eases all told, m which the lack of cardiac h3^peitioph3 
might be ref ei red to the moie oi less localized charactei of (he arterio- 
sclerotic lesions, it being a matter of common experience that lapidly 
developing aoitic lesions, with aneuri^sms paiticulaity, aie not veiv apt 

37 Fiiedemann Ueber die Veianderungen der kleinen Aiterien bei jtsTieiener 
krankungen, Vii chows Arch f path Anat , 1905, clxxx, 543 

38 Roderei Symptomatology and Diagnosis of Nephiitis oi BiighFs Disease, 
Jour Am Med Assn , 1911, Ivi, 1222 

39 Joies Uebei die Beziehungen dei Schiumpfnierc zui Herzhyperti opine 
vom pathol anat Standpunkt, Deutsch Aich f kliii Med , 1908, xciv, 1 
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to piocliice caidiac lijpertiopli} Tlieie lemam hveiitvone cases, or ^ell 
o^e^ 10 pel cent of all cases, in which no leason loi the absence of cardiac 
In pel tropin seemed eMdent so fai as I could see 

Abstract oi Cvsfs or ^fARrcro Artfrioscilrosis amthoct Cardiac 

IIvprRrRopin 

' C \RDIAC m PI RTROl’H'i I \CI\.IN(. PROItAlII A OWING TO GIMRVI MMXGTRITION 

I)LI TO 

1 Malignant Tuinoi 

1 1-18 marked athcioma of entire aorta, earcinoma of ‘•toniacli 

2 1-26 marked atlieioma of aorta with fii^ifoim aneiirj^m of arch carcinoma 
of stomach 

3 1-50, marked atheroma of aorta, marked peripheral ai teriosclerosis with 
‘•cirs in heart and in kidne\s caicinoma of sigmoid flexure 

4 III-24 marked atheroma of aorta and peripheral arteriosclerosis arterio 
sclerotic scar= in kidnei« carcinoma of csophagii'; 

o III-120, marked atheroma of aorta with dilatation, carcinoma of stomach 

G V 40 marked atheionia of aorta, arteriosclerotic scar in left kidnei, car- 
cinoma 

7 VII-10 marked atheroma of aorta with multiple aneurjsnis carcinoma of 
esophagus 

5 VIII-7o normal aorta marked peripheial arteriosclerosis carcinoma of 
stomach 

9 1X52 marked atheroma of aorta and peripheral arteiio'clerosis, few 
arteriosclerotic scar= in kidncie endothelioma of neck and cirrhosis 

2 Senility 

10 I 25 marked atheroma of aorta with aneunsm of thoracic aorta, old 
w Oman 

11 1-77 marked atheroma of aorta and peripheral ai teriosclerosis peptic 
ulcer senile atrophj of all oigans 

12 III-27, marked atheroma of aoita and peiiplieral arteriosclerosis, se\eral 
small aneur%sms in splenic arters and scars in mAOcaidium extremeh emaciated 
old woman 

13 IV-7, marked atheroma of aorta emaciated man of SO 

14 IV-S8 localized atheroma of arch with aneurjsm, emaciated man of 74 

15 V-70, marked atheroma of aorta with fusiform aneurjsm of arch, 
emaciated man of 62 

IG VI-79 moderate atheroma of aorta, moderate arteriosclerosis of cerebral 
arteries old hemorrlnges in brain, fairly strong woman of 71 

17 "SAI-lOl marked atheroma of aorta, aneurysm of arch large arterio 
sclerotic «cars in kidneys beginning amyloid emaciated man of 69 

18 'Snil-GO localized atheroma of thoracic aorta with aneurysm, emaciated 
man of 66 

19 IX-10, marked atheroma of aorta moderate peripheral arteriosclerosis, 
few small arteriosclerotic scars in kidneys, moderately well-nourished old woman 

20 Xin-20 Aery marked atheroma of aorta, marked peripheral arterio 
sclerosis large arteriosclerotic scars in kidneys, extremely emaciated old man 

S Chrome Pulmonary Tuiei culosis 

21 TTT -79 marked atheroma of aorta with aneurysm of arch, chronic pul- 
monary tuberculosis 

22 yT;iI-42 marked atheroma of thoracic aorta, large arteriosclerotic scars 
in kidnevs chronic pulmonary tuberculosis, emaciated man of 58 
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23 XIII-8, slight atheionia of aoita, slight peiipheral aiteiioscleiosis^, laige 
ai ten oscl erotic scais in kidneys, pnlmonaiy tubeiculosis 

24 XIII-84, very maiked atheroma of aoita, laige aiteiioscleiotic sears in 
kidneys, chionic pulmonary tuberculosis, emaciation 

Jf Gill omc Syphihs 

25 XII-82, maiked atheionia of thoiacic aoita, maiked aiteiioscleiosis of 
cerebral and lenal arteries, few small aiteiioscleiotic scais in kidneys, syphilitic 
meningomyelitis , emaciated old man 

5 Chionic Qasiitc Vico 

26 VIII-10, no atheioma of aoita, maiked peiipheial aiteiioscleiosis, laige 
ai ter loscl erotic seais in kidneys, peptic ulcei , emaciated man of middle age 

6 Chionic Suppuration 

27 1 93, maiked atheioma of thoiacic aoita with beginning foimation of 
aneurysm, less of abdominal aorta, hematomyelia, emaciated fiom chionic sup- 
purative cystitis and pyelitis 

7 Addison’s Disease 

28 1-43, maiked atheioma of aorta, Addison’s disease 

S Vnlmoion Cause, Piohahly Syphilis 

29 ni-54, local atheioma of descending aoita and aneurysm, emaciated 
negro of 41 

30 VII-2 localized atheioma of thoiacic aoita with model ate dilatation, 
emaciated man of 52 

31 VII-106, localized atheioma of aich with aneuiysm, emaciated man of 40 

B — POSSIBIY ON ACCOUNT OF LOCALIZFD CHARACTER OF LESIONS 

32 VI-10, localized atheioma of aieh with aneuiysm, aoita otherwise noimal, 
stiong, well-noui ished, syphilitic of 29 

33 VI-125, maiked atheroma of aoita, aneuiysm of aich, strong old man 

34 VT-126, maiked atheioma of aoita, with dilatation of aoita, stiong 
man of 58 

35 VII-35, maiked atheioma of entire aoita, stout man of 45 

36 VlI-72, maiked localized atheioma of arch, saicoma of biain, muscular 
well-nourished man of 42 

37 VIII-69, localized atheioma of thoiacic aoita with aneuiysm, stiong 
man, middle age 

The limited extent of the lesions may also play a lOle in Cases I 18, 25, 26, 
43, 93, III-54. 79, 120, IV-7, 88, V-70, VII-2, 10, 106, VIII-60 of Senes A, in which 
the disease is moie or less confined to the aoita, and m XIII-8 in which case the 
lesions are severe in kidneys only 

C — UNEXPLAINED 

38 III-l, marked atheroma of aorta with aneuiysm of aich, few scais in 
left ventricle, strong, moderately ivell-nourished man of 50 

39 III-80, marked atheioma of aoita with dilatation, moderate aiteiioscleiotic 
lesions in kidneys, old apoplectic cyst m biain, stiong man of 60 

40 V-126, marked atheroma of aorta, model ate peiipheial aiteiioscleiosis, 
arteiioseleiotic scais in kidneys, stiong -well-nourished man of 68 
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•Jl VI-77, iiiaikcti atheionia of aoUa, 7iiaiketl peiipheial aitenoscleiosis, 
ai Ici lO'^eloi otic scais in kidneys slioiig imisculai man 

42 VII 81, niaikcd athcionia of entiie aorta with beginning dilatation of arch, 
small aiteiioscleiotic scars m kidnejs, stiong old man 

‘13 VII 02, localized atlieioma of aicli Mitli aneunsni, manj small aiteiio 
scleiotic scais in kldnc^s stiong man of 40 

41 VII 04 niaiked atlicioma of aoita, maikcd geneial arteiioscleiosi'^, manj 
small aitcnosclciotic scais in kidnejs, diabetes, stiong, stout man 

4a VIII 20, maiked atlicioma cspecialh of abdominal aoita, consideiable 
peijpbeial aitonoscleio«is iinohing coioiian and ceiobial aiteiies small niteiio 
scleiotic seals in kidnejs, fairh well noiii ished man of 70 

4G VIII 30, maikcd atlicioma of aoita, maikcd pciipbeial aitenoscleiosis 
aitci loecleiotic sens in kidncAS stiong man of 83 

47 VIII aO, slight atlicioma of aoita, maikcd aitenoscleiosis of ceiebial and 
of coionaij aitenes Mitb softening of biain and «cais in mjocardiiim, stioiigh 
built, fanh well nounsbed old man 

48 VIII 97, maiked atberoma of aoita, slight aiteiioscleiotic lesions in 
kldnc^s, Mcll nounsbed old man 

40 1X2, maiked atlicioma of aoita, aneunsni of left iliac aiten maiked 
aitcnoscleio'sis of penplicial artenes, obstniction of coioiianes, faiih mcII 
nounslied man of 59 

oO IX 12, localized atlicioma of thoiacic aoita, moderate aitenoscleiosis of 
coionan artenes, laigc aiteiioscleiotic scais in left kldne^ , stiong man of 
middle age 

51 IX-38 maiked atlieioma of aoita Mitb aneunsni, manj small aiteno 
scleiotic scais in kidiie\s, stiong man of CO 

52 IX 58, modeiatc atlieioma of aoita, and marked penpbeial aitenoscleiosis, 
laige aiteiioscleiotic scais in kldne^s, cercbial softening, necroses in mjocaidium, 
gastnc uleei , musculai, uell noiii islicd man of GI 

53 IX GO, modeiate atlieioma of aoita, Mitb dilatation, maiked penpbeial 
artenoscleiosis intb dilatation, fen aiteiioscleiotic scais in kldne^s, strong 
old man 

54 XII 8, slight atlieioma of aoita, laige ai tenosclerotic scars in kidneis, 
diabetes, stiong, nell nounshed man of GO 

55 XlI-29, maiked atlieioma of aoita aiea of softening in biaiii, manj small 
aiteiioscleiotic scais in kidnejs, stiong man of 59 

5G XII-G7, maiked atlieioma of aoita, maiked geneial aitenoscleiosis, 
arteiioscleiotic scars and necioscs in nnocaidium, fen small aiteiioscleiotic 
scais in kidnej's, stiong man of 45 

57 XIII 27, maiked atlieioma of aoita, aneuiysni of abdominal aoita, model 
ate penpbeial artenoscleiosis, laige aiteiioscleiotic scars in kidnej's, stiong man 

58 XIV-3, very maiked atlieioma of aoita, aneuiysm of abdominal aoita, few 
arterioscleiotic scars in kidnej's, fairlj’' nell nounshed man of 50 

y- 

SUMMARY 

Maiked artenoscleiosis nithout cardiac hj'perti ophy in fifty eight cases, 35 
per cent of all cases of marked artenoscleiosis 

Lack of caidiac hj pei ti opliv, possibly due to geneial malnutntion in thirtj 


one cases 
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Malnutiition due to Cases 

Tumoi 9 

Senility 11 

Chronic tuberculosis 4 

Chronic syphilis 1 

Chronic gastiic ulcei 1 

Chionic suppuiation 1 

Addison’s disease 1 

Unknown cause, piobably syphilis 3 


31 

Lack of caidiac hj'peitiophy possibly due to localized chaiactei of lesions in 
si\ cases, perhaps also in fifteen of those mentioned befoie 

Lack of caidiac hypeitioiihy unexplained in twenty-one cases 

If we look ovei the cases with caidiac hypeitiophj in Tables 3, 4 
and 5, we notice that, on the wliole, the development of the caidiac lesion 
IS associated much nioie close!}’' with the degiee of aiterioscleio'^is present 
than with the extent of the lenal lesions 

In the cases, foi instance, represented in Table 3, the renal lesions 
aie those which aie so vei}’ commonly found at autopsy in otheiv/ise 
healthy kidneys It seems highly impiobable, theiefore, that the} were 
concerned in any way in the pioduction of the general condition The 
cardiac h} peril ophy in many of these cases is veiy well maiked, just as 
much so as in cases with advanced lenal lesions, and this has fventuallv 
led to the usual distuibances in the geneial circulation 

There is well-marked evidence that the piocess in the heait begins 
with a concentiic h}peitioph} of the left ventiicle, followed by insuffi- 
ciencv and dilatation, latei involves the pulmonary ciiculation and the 
light ventiicle and ends in geneial passive congestion and an entiie 
bieakdown of the ciiculatoiy mechanism In 1884, Lemcke^'’ gave an 
excellent clinical and anatomical desciiption of a veiy interesting case 
vhich evidently belongs to this fiist group 

In Gioup 2 also (Table 4) the renal lesions aie comparatively insig- 
nificant Feie again we encountei the same condition of affairs 

In Group 3 (Table 5) that of ‘‘arteriosclerotic nephritis,”’ of which 
I wish to emphasize again that it is not separated by any sharp boundary 
from Group 2, theie is one case without any cardiac hypei trophy, for 
the lack of which there is no explanation so far as I can see (see Case 
1-III-75) The others show cardiac hypertrophy but in fully six of 
the twenty-six it is only slight, which in Cases 3 and 5 might be explained 
by the sudden eaily death of the individuals, still the fact lemams 
that Patient 5 at least, m addition to the maiked disease of the kidneys, 
had a well-developed general arteriosclerosis Theie are four more similai 

40 Lemcke Beitrag zui Lelire ion den ursachlichen Beziehungen zwischen 
ehromsehex interstitiellei Nephiitis und Endaiteiitis obliteians der klemen 
Artenen des ganzen Koipeis, Deutsch Arch f khn Med, 1884, xwv, 148 
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cflSGS^ in mIiicIi the li^pGitiopli'^ of Uig left ^Gl]tlJc]G ]*? on]') niodeifite, 
which iGavGS a WGll-inaikGcl caicliac InpGiliophj in a liitlo ovci half the 
casGS on]}' 

Tablo 2, liowciei, seems io suggest ihni the condition of the kidneys 
aftei all may be ot some impoitance in the pvodiiction of the caidiac 
h^peitioph} because as is shown theie, among the last 200 cases e\ani- 
ined theie A\eio fouiteen ca':cs of maiked geneial aiteiio=cloiosis with 
small scais in the kidne}"? Only si\ of these showed caidiac Inpeitiophy 
Theie weie also seien cases of maiked geneial aiteiio=cleiosis with laige 
seals ill the kidnei*^ — caidiac h^peitiojiln in thiee wheieas among eight 
cases of maiked geneial aitenoscleio‘:i« with “ai teiioscleiotic nephiitis/ 
caidiac hypeitiopln was pie=ent in all 

If we now inquiie w’hethei we e\ei find caidiac hjpeitiopln witiiout 
maiked aiteiioscleiosis and without lenal legions not attiibutable to the 
iimal olhei causes foi such a condition ue /hid among the 1 000 neciop- 
sies three cases which ‘^liow this condition 't hese ca'^es aie miiiniaii/ed 
below Theie is some aiteiioscleio=is in all of them but ceilainly not 
enough to account foi the maiked caidiac InpeitiophY In the /list case 
(1-107) the chionie bionchitis and cinplnsema which is pieseiit might 
explain changes on the light side of the heait biu not at least accoiding 
to my oxpeiience the geneial hjpeitioph} and dilatation of the entire 
hcait til the second and thud ca«e theie is not even that miieh of an 
explanation to be found, unless one wanted to look on Case 2 as a beei- 
diinkei's heait which, to iii} idea, has a somewhat unceitaiii standing m 
pathology These cases aie len siniilai to a case decciibed b\ Jous^“ 
with slight peiipheial aiteiioscleiosis, flight lenal lesions and ict maiked 
caidiac hj'peitiophv w ithout appaientl} am adequate cause foi tholattei, 
except aiteiial h 3 pertension of uiiknowui oiigin It niaj' be well to empha- 
size that these cases do not lepie'^ent Huchaicrs “piescleiosi^, because 
the geneial s}niptoni-coniplex of an old chionic condition with caidiac 
edema, thiombosis, embolism, etc is fully developed 

SuMsiAKY or Cascs or Hipcrtropu's. or the Lerx Side or the Heart Without 
Valvular Disease and Without jHarked Arteriorscierosis 

Case 1 — I 107— C W , stout vomRu of middle age, heart very much enlaiged, 
between two and thiee times si/e of fist, considerable lijpertrophy and dilatation 
of both sides of heart aery slight atheioma of aoita, marked aiterioselerosis in 
spleen, slight arteriosclei osis elsewdiere, with few' small arterioseleiotic sears in 
kidneys Barrel -shaped tlioiax, purulent bronchitis, emphysema of lungs Geneial 
passive congestion, anasarca, ascites, hydrothorax, recent fibrinous pericarditis 

Case 2— V 90— P C, w'aiter, 08 years, marked hyportiophy and dilatation of 
both sides of the heart, very slight atheroma and slight dilatation of aorta, 
marked arteriosclerosis in spleen, no artei losclerotic lesions in kidneys or else 
where, slight emphysema, somewhat ban el shaped thorax, geneial cyanosis and 
edema, ascites, hydrothorax Browm induration of lungs Thrombi in peiipro 
static veins, emboli in pulmonary artei y, thiombosis in left ventiicle, infarctions 

in kidneys 
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Case 3 — V 54 — W T F , stiong old man, lieait vei}^ laige, neaily tliiee times 
size of fist, liypeitiopliy moie maiked on left side, model ate aiteiioseleiosis of 
coronal y aiteiies without obsti uctioii, no ai tei loselei otic lesions in kidneys oi 
elsewhere, ceiebial aiteiies normal, seveial old iiifaictioiis in kidneys, seveial 
aieas of piobably embolic softening in biain, cholelithiasis and chioiiie panel ea- 
titis, old fibiiiious peiiearditis, death fiom lobai pneumonia 

Joies also showed that hypei tension in the aiteiies, such as sometimes 
exists in Yalviilai disease, does not appaiently lead to aiteiioseleiosis but 
to hypeitiophy of the media of the small aiteiies Still, he does not seem 
to be leady to abandon his oiiginal conception, one which at present 
seems to have so many adheients (see Elliott'*^ and Piank^-), namely that 



Fig 5 — 160\ VIII-70 Glomeiulonephutis Acute stage Leukocytes and 
blood in gloineiulus Beginning piolifeiation 

the hypertension is the primaiy tioiible which leads to both cardiac hvper- 
tiophy and general arteiioscleiosis The lattei would then appeal laigely 
as an excessive compensatory process followed by degeneiation 

It also seems quite evident from my cases that geneial arteiioscleiosis 
cannot be the direct cause of the hi'-pertension vhich piofluces the caicliac 
h-^ peitrophi 

41 Elliott Aiteiial Hypei tension, Am Join Med Sc 1910, c\v\i\, 648 

42 Flank Beziehungen zwischen Niere, Nebennieie und hohem Blutdiuck 
in del menschlichen Pathologic, Beil klin Wchnschr , 1911, xlvni, 609 
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Tlic tlicoi} of irasenfelcl,*'* that Inpcilen^ion lesiilts only when tha 
S])Ianchnic aiea is allcctecl b} aitenoscleiosiS;, is not borne out b> inj 
own ob'^eiiations 

Actual obscnation then shows (1) that tbeie inav be maiked geneial 
aileiioscleiosi'; airecling the peiipbcial vessels witboiii continned byj'iei- 
tension , (3) that the same is inoie laiel} tine when tlie aiteiioscleiosis 
IS associated with extensive desti notion of the kidneys, (3) that, at tunes, 
wo ba^e long-continned Inpeitension and caidiac l^peitiopb^, followed 
b\ caidiac insufricienci, of nnknown oiigin, with little aiteiioscleiosis 
and slight lenal lesions 

This deinonstiates to nn mind, that (J) Ihe intenelation between 
geneial aiteiioscleiosis aiteiioscleiotic lenal di=ease. on the one hand 
and In pei tension with lesnlting caidiac h 3 peitiopln, on the othei hand 
must lie a lathoi loose one Joics"* sugge<;ts that Inpeitension and 
aiteiial disease aic cooidinated phenomena oi as he expiesses it also 

“Ihpeitioph} and aiteiioscleiosis appeal to be foinis of difleienth 
placed loactions of the ^asculal SAstem to one and the same iniiir} ” 

r believe we must go much faithei than this The CMdence demands 
to 111 ) mind that we look on these conditions as ficqnenth associatec! 
with one anothei but not diiecth connected Joies' assumption of a noxa 
which at the same time atlects the heait and the aiteiies, piodiicing L^pei- 
tiopln in the one and aiteiioscleiosis in the othei does not suffice to 
co^el the situation 

The tlnee eases summaii/ed above seem to me to be a ^en seiious 
ai ffiinient against the pioposition that hjpei tension in itself alone can be 
looked on as an adequate cause foi geneial aiteiioscleiosis because in 
these cases theie was CMdently long-continued ronsideiable In pei tension 
and still theie was lei} little aiteiioscleiosis iSToi is an aigument quite 
satisfacton which might be suggested liA Senatoi’s'’® papei in 1S97 
namely that the conditions aic so fiequentl} associated because then 
etiology IS siinilai It is hue, in his papei Senatoi speaks ol the intei- 
lelation of aiteiioscleiosis and chionic nephiitis onl}, pointing out that 
senility, gout, lead, alcohol, sj^philis diabetes, tobacco, abnoiinal heiedi- 
taij’’ influences, seem to injuie both aiteiies and kidnejs simultaneou‘!l 3 
One might, howevei, wish to appA^ this idea to the inoie geneial question 
of the relation of hypeitension to aiteiiosclerosis and aiteiiosclerotic 
lenal disease as w^ell, but the mere fact that the poisons suggested as 
active in these cases do not necessaiily cause ]i}pertension would speak 
against this idea 

43 Hasenfeld Uebei Heizhypeiti opine bei Arteiioskleiose, etc Deutscli 
Aicli f 1dm Med, 1897, li\, 215 

44 Hypertropine und Artenosklerose eischemen als veischieden lokalisieite 
Reaktionen des Gefasssystems auf dieselbe Scbadigung 

45 Senatoi Die Patliogenese der chi onischen Nephritis, Beil klin Wchiisch) , 

1897, \XMV, 820 
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From the evidence at hand we can onl} say Geneial aiteiioscleiosis 
IS a frequent disease piobabl}^ of toxic origin (this would, to my mind, 
explain the evidences of inflammation in the laiger aiteries and m the 
kidnei^s) It is often the cause of a peculiar t^pe of renal disease It 
is frequent!} but by no means legularlv associated vith hypertension and 
cai diac hypertrophy 

III THE EELATIOH OE LEAD-POISOXIXG AKD GOUT TO GEXERAL 
ARTERIOSCLEROSIS AXD ARTERIOSCLEROTIC XEPHRITIS 

I have had occasion to point out befoie that lead is the only definite 
etiological factoi known m this t\pe of lenal lesion Attempts liave been 



Fig 6 — 150x Vin-70 Glomeiuloneplmtis Latei stage 


made to separate out the lead kidneys from the oidmaij aiterioscleiotic 
kidne}s, but, I believe with little success In Uiy specimens at least, I 
fail to find anything which would suggest anj'" well marked difference 
The important role played by lead-poisoning in the production of 
these conditions is very clearly brought out by our tables and it is 
particularly suggestive that among the severest cases in Table 5 the cases 
of lead-poisonmg are especially numerous and well marked 

Below are given some data m legard to the interrelation of gout, on 
the one hand and general arteriosclerosis and “arteriosclerotic nephritis,” 
on the other The frequent association of the two conditions is well 
Icnown and hardly needs any additional confirmation I may say that 
I have been interested in this relation for many years, even before these 
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cases ^\ele collected I am fanh positive, tlieiefoie, that gouty lesions 
ueie not oveilookcd in main instances, because tlie-^ veic caieiully 
seal died foi 

SUMAfAltl 01 PlIAriON 01 Ll AI) POISOMNO AM) 01 GoUr 10 -VllTLIilOSCII IlOSIS 

AM) Ann uloscn none Xii’iinnis 

Ainojig tlie 1,000 ca'-es ovainined Ic'^ions ciiggcslne of goiit \)eic disco)eie(l in 
tliiil) instnnco'? Jn l)\ciit'\-tliice of tliose cases line acid deposits weic found 
in tlie Kidncis on!} in se\cn cases bolli in kidnois and in joints 

In oiglit of tlioso tliiil) cases tlie kidncis sliowed slight ai teiiosclerotic 
lesions onh, cuiionsli in .ill of these cases the deposits mcic liniitcd to the kid- 
nc\s 111 thiec of the eight ca'^es iiith slight lenal lesions the lienits and blood 
)es=els 1)010 fniih noiinal in the leinaining liie there was a inaiked general 



Fig 7 — 150v V 147 Gloineiulonepln itis Still latei stage Beginning iiitei- 
stitial lesions 

aiterioscleiosis and caidiac hj'peitiopln Iheie iveie ten cases with laige 
arteriosclerotic scais in the kidneys, in seven of these the deposits were confined 
to the kidneys, in thiee thej' weie present in both joints and kidneys In si\ 
of these ten cases the liearts and blood vessels weie faiily normal, wlieieas in 
four the arterioscleiosis was general and associated with caidiac hypeitiophy 
In twelve of the thirty gouty cases there was aiteriosclerotic nephritis, which 
IS nearly 50 pei cent of all cases of ai teiiosclerotic nephritis which weie 
observed in the entire series of 1,000 cases In these twelve cases, the deposits 
were found in the kidneys only eight times, in joints and kidneys foui times In 
all these cases the artei losclerotic process was geneial and well maiked with 
cardiac hypertiophy in all except one 
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Among these thiity cases of gout, thiee were undoubted cases of lead-poisoning 
and in twelve otheis this was highly piobable Altogethei then theie were 
fifteen or just 50 pei cent of them which weie piobably due to lead 

Theie were thiee cases in which the occupation suggested chionic lead-poison- 
ing, in Avhich there was geneial aiteiioscleiosis, some lenal lesions and caidiac 
hypei ti ophj' without gouty manifestations 

The findings in 1113^ cases seem to suggest that in gout quite geneidllv 
the first deposits occur in the kidnejs, also that the lenal lesions associ- 
ated with gout are piactically always of the aiteiiosclerotic type Theie 
is one appaient exception in oui senes, in Case 10 of the cases of acute 
and subacute glomerulonephritis (Table 6) gouty deposits weie found in 
the pyiamids In tins case, howevei, theie is also piesent in the kidneys 
eonsideiable aiteiioscleiosis with many aiterioscleiotic scais To a cer- 
tain extent our obseivations suppoit MulleiV'^ statement that in lead- 
gout the lesions aie apt to be much more serious than in gout due to 
other causes 

Fifty pel cent of oui cases of gout weie piobably lead-gout — which, 
taking into account the lather impeifect histones which accompanied 
them^ IS a leniaikably high peicentage Oui eases also show clearly that 
chronic lead-poisoning in man eventually is piactically always accom- 
panied by gouty diathesis, onl} thiee exceptions weie noted to this nile 

It is interesting to note that in 50 pei cent of all cases ot “aiterio- 
sclerotic nephritis,’^ gouty deposits weie obseived in the kidneys 01 in 
both 3omts and kidneys Could gout be the lesult of the renal lesions, 
as has been suggested by some of the Fiench aiithois^ Haidly, when 
one takes into consideiation those cases in which the lenal lesions aie so 
very slight 

As we know so veiy little about the tiue natuie of the goutv diathesis, 
it seems pieinatme to discuss its exact relation to the arterial and lenal 
changes I hardly think that it is safe to assume, from the evidence pre- 
sented, that gout should be looked on as an etiological factoi in the 
production of artei losclerosis and aiteiiosclerotic renal lesions, although 
I myself was veiy much inclined to this view at one time Theie aie 
many othei relations possible besides those of diiect cause and effect 
between two phenomena which are fiequently associated, the truth of 
which statement is not always sufficiently borne m mind in investigations 
of this charactei 

There lemain to be eonsideied fort3^-five cases of what Biadfoid®® 
would consider tiue Blight’s disease, of these, seventeen aie cases of acute 
and subacute glomeiulonephiitis, all of a hemoirhagic chaiacter, seven- 
teen othois are large white kidneys all associated with amyloid, and eleven 
are secondary conti acted kidneys m which we find a constant association 
of chronic glomerulonephritis with hemorrhages and a usually local 
deposit of a material which closely lesembles, if it is not identical with, 
amyloid 
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ACUTi: AND SUIUCDTE GLO:^[ERULONLPnDITIS 

The seventeen cases lepiesenting tins gionp me contained in Table 6 
Seioial of tliein veie encoiinleied in compaiativel}' young individiials 
Piacticalh all of them A\eie siifleiing fiom a chionic septic piocess, most 
fieqiienth fiom siibacnte oi chionic septic cndocaiditis due to diplo- 
stieptococci The condition is \ei) similar in Ca'-e 2 in vliich ve 
lla^e a sti eptococcus sepsis following chionic pnlmonan tuberculosis, m 
Case d -with a pneumococcus cepsi"? following fiactiiie. in Ca^e 15 with 
a chionic sepsis following log iilcei In Case 10 theie weie laige iilceis 
111 the intestines which weie possibl} the poital of entn of a septic infec- 
tion, because so fai as I know', meicuiial poisoning in itself does not 
piodiice glomeiiilonepliiitis In Case 12 the infection stalled fioin an 
abscess on one of the toes, in Case 13 theie was siabies and geneial fiiiun- 
culosis in Case 14 the septic pioccss seems to liaie commenced in the 
lungs In Cases 16 and 17 only the cMslence of a septic pioccss is not 
dehniteh established but the iiumeioiis pohmo'phonuclcai leukocytes in 
the lenal lesions at least in Case 16 make the existence of a septic 
pioress fail!} piobablo 

Tlie intimate i elation of gloiiieiulonephiiiis to chionic sepsis is also 
sliown In the following figuies Among the 1 000 cases ln^cstlgated 
theie weie se^ent^-thlce cases of endocaiditis of these ten weie cases 
of leceiit and tw'enti-se\oii ca«es of healed cndocaiditis No gloineiulo- 
iiephiitis was found in these thiity-seien cases Among the lemainins 
thiity-si\ cases of subacute and chionic septic cndocaiditis theie w'eie 
foul teen cases of glomeiulonepliiitis 

Among the 1,000 cases theie weie also twent} -eight cases of geneial 
sepsis w'lthout cndocaiditis Of these tw'enti-one weie acute and without 
glomeiulonepliiitis, seien chionic with glomeiulonepliiitis in six 

The 1 elation of sepsis to subacute and chionic iiephiitis has leeeived 
some mention in liteiatuie but its tiue extent has haidly been suffi- 
ciently appieciated As eaily as 1884, Einst''" lepoits tw'o cases of acute 
nephiitis and one case of chionic paieiichy'iiiatous nepliiitis with bacteiial 
findings In 1877, Baitels^^ mentions as etiological faetois peisistent 
suppuiation, inveteiate syqihilis phthisis and possibly malaiia Bliim,^^ 
in 1890, states that chionic nepliiitis is caused b}' infections diseases 
perhaps moie fiequentl}’’ than is commonly believed, and lepoits a ease, 
confiimc-d by autopsy', wdiieli follow'ed paiotitis epidemiea Couneilnian,^' 
in 1897, found fifteen cases of sepsis in fifty'-tw'o cases of acute and sub- 
acute glomeiulonepliiitis Nicholls,^® in 1899, believes that mfection is 

46 Einst Zur Aetiologie der Nepliiitis, Zuiich, 1884 

47 Blum Ueber die Aetiologie dei Nephritis, Deutscli Aich f klin Med, 

1890, "S-lvii, 193 , -IT j 

48 Nicholls Conti ibutioiis to the Study of Blight’s Disease, Monti eal Med 

Jour , 1899, xxviii, 161 
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miportant in all cases of chronic nephritis, having demonstrated to his 
satisfaction the presence of minute diplococci and sometimes of bacilli 
in the tissues and in the urine in man} cases Thompson'^® also points 
out the frequency with which chionic nephritis follows sepsis In 1910, 
Curschmann^*’ makes the veri definite statement that sepsis is frequently 
the cause of acute and subacute nephiitis of hemorrhagic type which 
according to him unfoitunatel} frequently becomes chronic He believes 
that it 1 = usualh toxic in origin but sometimes due to actual infection 
of the kidneis^ when streptococci mai appear in the urine He also 



Fig 8 — 90x; II-4 Parenchvmatous nephritis and amyloid Large white 
kidney Beginning glonierulonephntis beginning interstitial lesions 

speaks of the relation of tonsillitis to these septic processes followed by 
nephiitis^ a matter which has also been discussed by other observers 

The most characteristic feature in the gross appearance of these 
kidneys with acute and subacute glomerulonephritis is the very maiked 
diffuse hiperemia of the cortex, which is frequently associated with the 
occurrence of numerous plainly visible petechial hemorrhages Often 

49 Thompson Unsuspected Xephritis in Septic Infections Brit Med Jour , 
1907, 11 737 

50 Curschmann Beziehungen entzundlicher Mandelaffektionen zu Infek- 
tionskr , Munehen med Wchnschr , 1910 hii 284 
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tlieic ]s also consideiable edema witli swelling and the tissues aie ^oft, 
j)iitt\-]ike AVhen tlicie is inueli fonnation of pigment^ the coioi of the 
lvidne\‘5 lna^ he distinctly hiown, wliieli wa^ e'^pecially w'ell marked in 
mil Case 12 f'lie suiface of the'Jc kidnei« is usiiall}^ smooth hut this 
m.n he somewliat modified hy tlie pieccuie of niteno«cleiO' 5 is and the 
do\elopment of aitciioscleiotic scais 

IIi‘:tologicall\, the glomciiilai lesione: natuiallv attiact mo=t attention 
Theie 1 = Iiaidly any othei condition in the kldne^5^ 01 elsewhcie foi that 
mattei, which lia'? lecencd a*; mucli caiefii] cludv a^: tlie lii^tologi of 
glomeiulonepliiitis, e\ei ^ince it was fn=t di=eovcied In Klehs and 
doseiihed in liis “Ilandhook of Pathological Anatonn ” Goeiman=’^ 
(3S09) Langhans (1870/- 1883 J888''), Coinil and Biault (1885),=^ 

Ohi/ut'*' (1888), Pihhcil''’ (1888), Boehnr" (1897) Councilman’® 
(1897) Coiiiir-*' (1900) EngeP (1901), T^chistowitselP (1903), 
ireiiingham and 3huisfield®® (1901) and last hut not lea^t Lohlein’® 
(1907) hn\e puhlnhed impoitant contiihutions to this subject and still 
tlieic icmains consideiahle unceitaint\ in legaid to some ol the finei 
histological detail i\Iy impiession is that in mam cases at least, theie 
IS fiist a lienionhagic exudate pouied into the capsulai space of the 
glomeiuli as shown in Figuie 1 which eoaculates and is latei oiganired 
(see Figuies 5, 6 and 7) a mow stiongly ad^ocatec^ by Coinil and by 
Engel Eientually the process teiminaies in a moie 01 less complete 
tihiosis of the aiTected glomeiuli which is similai to that which occuis 
in aiteiioscleiosis hut, to im mind, still sufficiently distinct to be diffei- 
eiitiated fiom it which difleientiation is facilitated by the usual finding 
of the eailiei unmistakable stages of the piocess men in leiy chionic 
cases of glomeiuloiicphiitis Associated with this theie aie some inteiest- 
ing capsulai changes wdiicli we need not dwell on heie I do not quite 

51 GoGrmans La Capsule de Bowman dans les infl clnoniquos des reins, 
Rcc des tn%au\ anat path du lab BoeilnAc, ISCO 

52 Langhans Uebei die Vei indciungcn dei Glomeiuli bei dei Nephiitis, 
y^ichows Aich f path Anat, 1870, K\m, 85 

53 Langhans Ucbei die ent^undliclien Vei.indei ungen der Glomeiuli, etc, 
Vii chows Arch f path Anat, 1885, \ci\, 193 

54 Langhans Ueber die entzundliclien Vei.indei ungen der Glomeruli, Vii 
chows Arch f path Anat, 1888, cxii, 1 

55 Ohr^ut Nouielles recherches sui H pathogCnie de la glomSiulonephiite, 
Rev de m6d , 1888, viii, 689 

56 Ribbert Beitrag /ur path Anatomie dei Glomeiuli, Foitschi d Med, 
1888, VI, 490 

57 Boehm Beitrag zur path Anatomie der Malp Koiperchen dei Niere, \ ir 

chow s Ai cli f path Anat , 1897, cl, 52 

58 Cornil La gloni6rulit6. Pi esse m6d , 1900, ■s.viii, 1, 177 

59 Engel Glomerulitis adluesiva, Vircliow's Arch f path Anat , 1901, cKm, 

^^^60 Heningham and Thuisfield The Glomerulai Lesions of Diffuse Nephritis, 

Tr Path Soc , London, 1904 Iv, 283 
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uiidei stand why Lolilem®^ in his last aiticle on the subject wishes to 
sepaiate those foiins which occui m septic endocarditis fiom what he 
teims tine glonieiulonephiitis If he had full} lecognized the importance 
of sepsis m the pioduction of the lesions in all eases, I do not believe that 
he V ould have favoi ed such an opinion 

The presence of many polyinorphoniiclear leukoc 3 tes in the blood- 
vessels and in the hemoirhagic exudate is veiy chaiacteiistic and well 
4iovn in Figuies 5 and 6 Blood-casts and pigmented hyaline easts aie 
natuiall} fiequent The epithelium usualh shovs well-maiked degeneia- 
tive changes, often ending in neciosis In piactically all eases theie is 



•Fig 9 — 50 \ Vin-94 Paiencliymatous nephritis and amyloid Laige white 
kidney Advanced glonieiulonephiitis and advanced inteistitial lesions 


some cellulai infiltiation, at least in the vicinity of the diseased glomeiuli, 
and eventually there may be quite a considerable, more oi less diffuse 
proliferation of the interstitial tissue with formation of fibrou‘- tissue and 
shiinkage The mhammatory changes in the glomeruli and those in the 
interstitial tissue seem to be widely independent from one anothei This 
is most cleail} illustiated b^ Case 17 (VIII-76), m vhich theie is 
remaikably little change in the glomeruli and a ven well-maiiced diffuse 
overgrov th of the connective tissue 

Cl Lohlein Pathol Anatomic dei lueniatogenen Nephiiti^ Eigebn d allg 
Path u path Anat (Liibaisch and Osteitag) 1910 \iv, ii, 874 
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Tjieic IS also no con'^lant i elation bet\\eGn the extent of ilie disease 
in the glomenih and the amount of epithelial degeneiation Minch one 
should expect, accoiding to Lohlcin <= theon that the epithelial changes 
depend on cnculatoi) ditTicultics ie«ulting fiom the disease of the glo- 
meiuli I feel con'^liaincd to assume that the epithelial lesions aie toxic 
in origin and I cannot feel that theie 1= a« little foundation foi mch 
an assumption as Lohlein Michec us to undeistand 

It does not coincide \eiy mcII with Loeb''-"^ idea, that theie is a 
paiticulaih clo=e i elation between glomciulai dicea^e and h\perten=ion 
followed bv caidiac Inpeitiopln when we notice that 111 tho^c ca^es m 
which othei iea=ons foi caidiac lupciiiopln aie absent the lieaits aie 
unifoimh small In Ca=c« 12 13, li and 15 onh 1*= theie a slight 
h'^peitiopln which howcsei a^: theie i^ c\idently no othci factoi to 
explain it must be definitely a=eiibcd to the condition of the Icidneis 

LVllGL AMirir KinXIlAS AAiril AAIALOlD DFCl XI'R VTIOV 

Aftei what has been laid down in liieiatuie on tlie subject it is 
ceitainl} quite suipiising to find that not oiih all large white kidneis 
in oui =eiies me associated with aiiiAloid but 0^=0 that 111 alt ca«cs of 
aiuAloid degeneiation, in which the condition wfi=: well adi anted, theie 
was a laige white kidncA associated with it 

Among the 1 000 netiopsics theie wcie thiitA-ceven cases of aiiiAloid 
degeneiation nine of these showed incipient lesions eithei in the spleen 
onh (six cases) 111 spleen and Inei onl} (one case) 01 just beginning 
amyloid of the kidneys (two cases) The lest showed associated paien- 
cliAniatous nephiitis In thiee of the=c, the lesions -weie in the incipient 
stage, in the othei s theie aie well-deA'eloped laige white kidneys The 
close 1 elation between amyloid degeneiation and laige white kidneys has 
of couise, been known to all obsen^eis, but a difleientiatioii between amyl- 
oid kidnevs and chionic paicnchy matous nephiitis lias been attempted 
again and again most frequently ‘Toi clinical leasons” 

Apart fiom this, my senes adds only little to wdiat is aheady well 
knoAvn The gioss appeal ance of these kidneys has been destnbed too 
often to need furthei comment 

The incipient glonieiulai lesions aie w'ell shown in Figure 8, winch also 
brings out one important point, namely', that from the beginning there is 
considerable, often quite diffuse cellular infiltiation of the interstitial 
tissue which seems to commence in the A'lcinity of the glomeruli In the 
beginning there is sometimes a A'eiy marked infiltration of the ti'^siies 
w'lth polymorphonuclear leukocytes The presence of leukocytes and, 
especialh' in the later stages, of blood in the tubules connects these cases 

62 Loeb BJutdiuck und Her/hjpeitroplne bei Nephntikern, Deutsch Arcli 
f klin Med , 1905, Ixxxv, 348 
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looked on as a peciiliai Upe of geneial sepsi*; This disease inav also 
cause some piedisposition to cijplogenic septic infection'; It interest- 
ing to note the coinpaiatneh laige niinibei of cases of cinhosis associ- 
ated Mith laigc Mhite kldne^s (Cases 9 10 13, also Case 10 of the next 
gioii])). mIikIi, to ni^ niind thiows an inteicsting sidelight on this 
disease wliicli still appeals qo iei\ ohscnie fioni main points of new 
'1 he blood-\essels aie noinial oi spow aceidontal lesions it is also 
a Mell-knoMii fact that in these cases the heait is nsualh small, sometimes 
noinial and len laicl-^ enlaiged Tn nn senes, the lattei is the ease in 
one instance onl> (Case 9) It is possible that theie i\as sufiicicnt geneial 
aileiioscleiosis piesent in this instance to account foi this apparent 
exception 

SI CON D \in COXTIl \CJ'] D KIDVLX S 


It IS to a gloat extent due to Lolilein's*'’ uoik that the compaiative 
tioquenej of secondan contiactcd kidncis has been definitch pio\ed 
The oldei aiithonties. in Geimanx at least (like Baitels), look on them 
as gieat i antics Occasional cases ueie lepoited hi Dickinson Leulen,-“ 
Aufiecht/'''’ ITeld and Eisenlohi Coinil-^ soimised that iiiani 
cases of old contiacted kidiiot might haie had a moie acute inflammaton 
origiip hut did not pio\c his point am diiect obseiiation Fiom the 
clinical and pathological matenal in Leipsic LohleiiF® succeeded m col- 
lecting quite a iiumbei of cases mIiicIi clinicall'^ as i\cll as anatoinicallv 
ueie endently examples of sccoiidaix contiacted kidnexs He found in 
all of Them changes in the glonieiuli lefeiable to foniier glonieiulo- 
nephntis and points out that, on account of the compaiative ease lutli 
uliicli he diseoveied such cases, thei cannot be so raie as vas foimerh 
believed 

My obsciiations beai this out in eien lespect. except that m addition 
to the Oldman glomeiulonephntis theie is piesent usuallv m the glo- 
meiuli a peculiai h) aline substance ■which in some cases I am suie is 
am}loid Tn otheis it iias not discoieied until aftei the specimens had 
been haidened and the possibihlv of obtaining a typical leaction iias 
moie or less inteifeied vith b} the liaidening process When tested with 
methjd violet, the leaction in these cases uas at least as stiong as in othei 
specimens with known aiiixloid It xvill lemain foi the futuie to decide 
whethei the substance is leal amyloid in all cases It is ceitainly closeli 
related to it It stains, foi instance, exactly like amyloid with the van 
Gieson method The occunence of this peculiar ‘diyalme” in chronic 


63 Anfrecht Kine 20 Jalire claiiernde Neplmtis, etc, Deutsch Aich f klin 

Med , 1888, xhi, 517 , . -o ^ .th 

64 Held Zui Kenntnis der glatten -weissen Sclnumpfnieie, Beiti z patn 


Anat , 1889, vi, 133 

65 Eisenlohr Zur Ent^Mcklung dei Sclutimpfnieie aus acutei 
Deutsch Med Wchnschr , 1892, xvin, 723 


Hephiitis, 



T]' OPHULS 


19.} 


glomerulonepliiitis has been desciibed befoie by Conncilman^’^ and others 
On account of the presence of this substance, I have appended the list 
of these cases to the list of large white kidne 5 ^s with amyloid degeneration, 
and neither niacioscopically noi niici oscopically is there a sharp line of 
division between them With the same degree of propriety, however, this 
series could be looked on as a continuation of the series of cases of acute 
and subacute gloineiulonephiitis The amount of amyloid-Iike substance 
and the degree of typical glomerulonephritis exhibited varies consider- 
ably in the dilfeient cases A more detailed description may be found in 
the second pait of Table 7 



Fig 11— 50X VIII-22 Parenchymatous nephntis and amyloid Secondary 
conti acted kidney Little local amyloid Maiked glomeiulonephntis Maiked 
diffuse interstitial lesions Obscuie sepsis 

III all cases there are blood and leukocytes in the tubules, the epi- 
thelial degenerations are well marked and casts are moie or less abundant 
It is only natural that in these veiy chronic cases the relation to the 
oiigmal sepsis is not so clear as in the more acute cases of glomerulo- 
nephritis and of large white kidne 3 s In one case there existed a chrome 
leg ulcer (Case 22), m another there is a history of scarlet fever 
(Case 26), and in a third a history of attacks cf articular rheumatism 
In the others, I have surmised the existence ot an obscure sepsis on 
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— fllKONJC r VIU>iNCIll’\rATODS NEPHRITIS J 


Niiinboi 
mid \gt! 

I’lolmble Cause 

1 \tciit of Amjloid 

j Heart 

Blood A'cssels 

1 

MIS 

10 M*- 

Alultlplc angiosaicoma 
of boms, (hionit 
suppmathe cvstitls 
and p\clonppbiltls 

Spleen, Kldncis 

111 Cl 

Notnial 

Noimal 

2 

XH IG 
old man 
d 

1\ 70 

50 M*- 

Clnonlc liibeiculosis of 
lungs 

Cliionlc mot pblnism , 
ebionlc st psls 

'spleen KIdnejs 
ll\ei 

Spleen Mdnejs, 
ll\ei 

Hroan atroplij 

7J normal 

Slight atlieromo 
of aorta 

Normal 

1 

II 1 

31 >is 

Clnonlc pulinonan tu 
beiculosis 

Spied) Kldnecs 

11% Cl and Intestines 

Atiopblc 

Normal 

Mil 2S 
30 M*- 

Clnonlt puIinonai\ tu- 
bciculosls 

''pleen Kldnc\ s, 
adienals, Il\ei 

■'i noimal 

Slight athcioma 
of aorta 

G 

A III n 
17 MS 

Subacute pulmonat\ 
tiibeiculosls 

‘spleen, Kldnexs 

Small 

Small 

AHl SO 

70 MS 

Caiclnoma of bion 

I ebus bi oncldectatic 
c'>^it^ nul clironfc 

1 pmunionla 

Spleen Kldne\s, 

11% Cl 

I'l noimal 

Jlodeiate athcroni 
of aoita 

s 

n'-37 

•4S MS 

S\pbIIoma of ll\ei , 
s\j)bllltlc tlubosls 

Spleen, Kldiieis, 
seals in testes 

Atrophic 

Normal 

0 

AHII-SS 

Middle 

ago 

Cluhosis of Iher 

Spleen, KIclne\s 

j 

l\i times noimal 

Slight atheioma 
of aorta , 
some general 
arteilosclerosis 

10 

I 122 

35 jis 

Cli rbosis of Ih ci sop 
sis suspected but not 
pio\od 

Spleen, nil dials 
Klonejs, Intestines 

Noimal 

Noimal 

11 

A'-l 

45 MS 

Clnonlc pulmonan tu 
beiculosis 

Spleen kldne%s 
li%ei, Intestines 

Atiopblc 

Noimal 

12 

VII-G7 

52 jrs 

Clnonlc pulmonaij tu- 
beiculosls 

Spleen, kldncjs 

}i normal 

Normal 

13 

A -34 

50 MS 

Cluhosis of Ihei , sep 
sis suspected but not 
pioved 

Spleen kldne% s, 
llvei 

Blown atiopbj 

Model ite athcionr 
of aorta 

14 

An-87 

38 yis 

Clnonlc pulmonaij tu 
beiculosis 

Spleen, adienals, 
kldnejs 

\ noimal size 

Atiophic 

15 

XIII 6 

34 yrs 

Chronic piilmonaiy tu 
beiculosis 

Spleen, kidnej’s 
adienals. Intestines, 
etc 

% normal 

Slight atheroma 

of aoita 

16 

VIII 94 
Middle 
age 

17 

VII-94 

Chionic pulmonaiy tu 
beiculosis 

Chionic empjema 

Spleen kidneys, 
llvei 

Kidneys onlj 

Blown atiophy 

Noimal 

Slight atheioma 
of aoita 

Maiked general 

arterioscleiosis 






AMYLOID DEGENERATION I LARGE WHITE KIDNEYS 


Kidneys Gioss Appeal anco 


Kidnej'S Micioscopic Lesions 


Chionic septic kidney, giavel in No aitenoscleiosis , consideiable amyloid m glomeruli, maiked 
light, stone in left lenal pelvis fatty and gianulai degeneiation of epithelium, many casts, no 

new-foimed connective tissue, except aiound abscesses 


Slightly enlaiged , capsule adheient , Laige aiterioscleiotic scais, little amyloid in glomeiuli, gianulai 
suiface lOugh , cortex wide, opaque and beginning fatty degeneiation of epithelium , few casts , slight 

diffuse giowth of cellulai connective tissue 

liy^ X 5y> X 4 cm , cyanotic with Pew small aiteiioscleiotic scais, consideiable amjdoid in glomeiuli, 
opaque spots maiked gianulai degeneiation of epithelium , many casts , slight 

diffuse giowth of cellulai connective tissue 

14% X 9 X 4 cm , suiface smooth, No aitenoscleiosis, much amyloid in glomeiuli, maiked vacuoliza- 
mottled , cortex wide, opaque, full tion , gianulai and fatty degeneiation of epithelium , many casts , 
of yellow spots manj^ leukocytes in tubules and tissue , little connective tissue 

14X7% X4% cm , suiface smooth , No aitenoscleiosis , much amyloid m glomeiuli, much gianulai and 
coitexivide, opaque fatty degeneiation of epithelium, veiy many casts, slight diffuse 

giowth of cellulai connective tissue 

13X5% X3% cm , suiface smooth. No aitenoscleiosis, little amyloid in glomeiuli, beginning gianulai 
coitex wide, pale, opaque degeneiation of epithelium, few casts, modeiate giowth of cel 

lulai connective tissue 

13% X 6 X 3% cm , coitex wide. Pew small aiteiioscleiotic scats, modeiate amount of amyloid in 
opaque glomeiuli, maiked gianulai degeneiation of epithelium, few 

casts, slight diffuse giowth of cellulai connective tissue 


14% X 9 X 4 cm , suiface smooth, 
mottled , cortex wide, opaque, full 
of yellow spots 

14X7% X4% cm , suiface smooth , 
coitex wide, opaque 

13X5%X3% cm , suiface smooth, 
coitex wide, pale, opaque 


14%X7X3%, capsule slightly ad- 
heient, coitex wide, opaque 


13X7% X 3 cm , capsule adheient, 
suiface gianulai , cortex wide, 
opaque 

13%X9X5V2 cm , suiface smooth, 
mottled, coitex wide, full of yel- 
low' spots 

J2% X 6% X 4% , coitex opaque 


13 X G% X 4, suiface gianulai , 
coitex opaque 


^ ^ N 4, surface gianular , 
coitex wide, opaque, with cyan- 
otic spots 

’ suiface somewhat 
lough, coitex wide, opaque 


^ ^ ® ’ capsule adheient, 

mall, letiacted, pmple scais, 
coitex wide, opaque 

7 ^ 4 cm , capsule adheient, 
gianulai , coitex opaque, 
lathei narrow 

’ capsule adhei- 
ent , coitex wide, opaque 


Few' aiteiioscleiotic scais, little amyloid in glomeiuli, slight 
glomeiulonephiitis , fatty degeneiation, neciosis and desquama- 
tion of epithelium, few' casts, slight diffuse giow'th of cellulai 
connective tissue 

Few aiteiioscleiotic scais, much amyloid in glomeiuli, subacute 
glomeiulonephiitis, much gianulu and fattv degeneiation of 
epithelium, much pigment, few casts, much new-foimed, paitly 
flbious connective tissue 

Slight aitenoscleiosis , much amvloid in glomeiuli , slight glomeiulo- 
nephiitis, extieme granulai and some fatty degeneiation of epi- 
thelium , many casts , leukocytes m some tubules , much new- 
foimed flbious connective tissue 

Few aiteiioscleiotic scais, much amyloid in glomeiuli, slight 
glomeiulonephiitis, much gianulai and fatty degeneiation of 
epithelium , veiy many casts , blood and leukocytes in tubules , 
much new-foimed connective tissue 

Few aiteiioscleiotic scais, much amyloid in glomeiuli, subacute 
glomeiulonephiitis , much gianulai and fatty degeneiation of 
epithelium , veiy many casts , leukocytes and blood in tubules , 
much new-foimed connective tissue 

Mauv arteiioscleiotic scais , much amyloid in glomeiuli , subacute 
and beginning ch.cnic glomerulonephiitis , much gianulai and 
fatty degeneiation m tubules, veiy many casts, blood and leuko- 
cytes in many tubules, much new-foimed connective tissue 

No aitenoscleiosis, much amyloid in glomeiuli, subacute and 
chionic glomeiulonephiitis, much gianulai and fatty degeneia- 
tion of epithelium , very many casts , blood and leukocytes in 
tubules, much new-foimed dense flbious tissue 

Slight aiteiiosclerosis , much amyloid m glomeiuli, subacute and 
chionic glomerulonephiitis, much fattv degeneiation in epithe- 
lium , veiy manj casts , blood and 'eukocytes in tubules , much 
new-foimed connective tissue 

No arterioscleiosis , much amyloid in glomeiuli, subacute and 
chionic glomeiulonephritis , much gianular and fatty degenera- 
tion of epithelium ,very many casts , blood and leukocytes in 
tubules, much new-foimed connective tissue 

Modeiate arteriosclerosis, few' hjaline glomeiuli, much amvloid in 
glomeiuli, subacute and ckionic glomeiulonephiitis, much fatty 
degeneration and necrosis of epithelium, few casts, much new- 
foinied dense fibrous tisue 
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ARCHIVES OP IXTERHAL MEDICINE 


account of the evidences of sepsis in the kidneys and also on account of 
the intimate i elation of chionic sepsis with the moie acute cabcs out of 
which these secondaiy contracted kidneys evidently develop It will be 
inteiestmg to see whethei in the fuluie the relation of the=e cases to 
certain septic processes can be established by dnect evidence 

The overgrowth of the inteistitial tissue is veiy veil maiked, much 
moie so than in the oidinaiy aiteiiosclerotic kidneys and the evidences of 

TABLiil 7— Continued CIIUOMC P VUENCIllMATOUS NDPIIUITIS AND AMVLOID 

DEGENERA'IION II SECONDAItl CON7KACTED KIDMDS 


Numboi 
nnd \ge 

Probable Cause 

Extent of Ann lold 

Ilcart 

Blood 3 essels 

18 

V-17 

G3 vrs 

pbllls , sepsis sus- 
pected but not 

plowed 

1 

Spleen and kldnejs 

1V_ times normal 

Marked atheroma 
of aorta 

ulth aneuirsm of 
arch 

30 

VII GI 

51 j IS 

Clllboais of Ihci , sop 1 
sla suspected but not 
pio\cd 

Ivldnors onl'r 

Normal 

Moderate atlreioina 
of aor 1 1 

20 

VIll 47 
?4 jis 

Sepsis suspected but 
not piorcd 

Ivldnexs onlr 

Normal 

Normal 

21 

VIII-22 

Sepsis suspected but 
not pio\cd 

Kidners onlr 

j 

''light hrpoitrophr 
and dilatation of 

1 left rontriclo 

S’lght ^">001 Si 
j 111 ter roscleiosls 

oo 

vffsj 

Old man 

C bi oiiic leg ulcci 

Spleen adrenals, 
Kidiier s 

Bioun atiophr 

Nor mal 

21 

v-no 

JliddU' 

ago 

painK 1 

Sepsis suspected but 
not piorcd 

1 

Kidners and pos 
slbh spleen 

i 

1 

1 

13/j times noimni 

i 

1 

1 

1 

Veij piaiked 
goner al 

alter loseleiosis 

24 

VII 30 

30 jis 

1 Sepsis suspected but 

1 not pio%cd 

Kldners orrlr 

i 

1^/ times noimni 

1 

Slight atheioriia 
of aorta 

23 

Xll 57 

43 -via 

Sepsis suspected but 

1 not pio>cd 

Kidnejs only 

1 Yi times norm rl , 
maiKrd concentric 
lirpeitiophr of 
lelt rontricle 

Slight 

ai toiioscloiosis 

2G 

VI-14 

45 yia 

Ilistoiy of scarlet 
fp^ or sepsis sus- 
pected but not 

pro's ed 

Kldnevs only 

2 times no mal 

1 

Slight atlrrionia 
of aorta , 

moderate peritoneal 
arteiioscloiosi® 

27 

VI 00 

54 yis 

Sepsis suspected but 
not proved 

Kidnej s only 

3 times normal 

Slight atheroma 
of aorta 

28 

XIIMIO 
38 yis 

Hrstorv of articular 
rheumatism, sepsis 
suspected but not 
proved 

Kidneys only 

1 

1 

Vcij large marked 
hvpeitiophr of 
left ■rentiicle 

Slight atheroma 
of aorta 
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shimkage aie immistakable I give several illnstiations of this type of 
renal lesion as it is not as well known as the others 

Fig 10 (Case 20, VTII-47) shows a condition very similai to that which 
occuis in old amyloid kidneys, only to an evaggeiated degiee 

Fig 11 (Case 21, VIII-22) belongs nioie piopeily to the ehionic glomeiulo- 
nephiitis, still theie is much of the am 3 doid-like mateiial in the glomeiuli 

Fig 12 (Case 24, VII-39) is taken fiom a kidnej’^ with veiy maiked fibiou« 
pi olifei ation of the inteistitial tissue and veij”^ maiked shrinkage The glomeiulo 
iiephiitis is well maiked 


Kidneys Gioss Appeaiance 


Kidnejs Micioscopic Lesions 


12X7X41^ cm , suiface somewhat 
lough , laige scai in light kidney , 
coite\ wide, opaque 


Maiked aiterioscleiosis , much amyloid in glomeiuli , subacute and 
chionic glomeiulonephiitis , much gianulai and fatty degeneia- 
tion , necrosis of epithelium , yery many casts , some leukocjtes in 
tubules, much new-foimed, ‘paitly cellulai, paitly fibious con- 
nective tissue 


llVj XGVj X3 cm , capsule adhei- 
ent , suiface finely gianulai , few 
laige scais, coitex leduced, 
puiple, full of yellow spots 

8X4X3 cm , capsule adheient, 
vcn iiiegulai shape, pale, cortex 
much 1 educed, almost white 


1114X5^X21/^ cm , suiface some- 
what gianulai , coitex opaque, full 
of yellow spots 


Si/4 X 3 X 4i/> cm , capsule thick, 
suiface coaisely gianular, mot- 
tled, coitex much leduced 


1014 X 5 %X 31/2 cm , slightly gran- 
ulai, mottled , coitev about 4 mm 
wide 


Lett, 12 Vi X3V2 cm , light, 9X5X 
2% cm , gianulai, mottled* many 
small cjsts in left kidney 


Modeiatc size, capsule adheient, 
suiface gianulai , many hemoi- 
uiages , many yellow spots in coi- 
tc\, which IS leduced in size, 
kaige uiic acid calculi in both 
lenal pelyes 


Maiked aiterioscleiosi'; , little amyloid in glomeiuli, maiked sub- 
acute and chionic glomeiulonephiitis, much fatty degeneiation 
and desquamation- in ep,.thelium , many casts , blood and leuko- 
cytes in tubules, much new-foimed fibious tissue 

Little aiterioscleiosis, little amyloid in glomeiuli, maiked subacute 
and chronic glomeiulonephritis , many casts, blood and leuko- 
cytes in tubules, yeiy m irked diffuse new foimation of connective 
tissue with shrinkage 

Maiked aiteiioscleiosis , much amjloid in glomeiuli, maiked sub- 
acute and chronic glomeiulonephiitis , much gianulai and fatty 
degeneration of epithelium , many casts , much blood and leuko 
cytes in tubules, much new-foimed connect tissue with shimkage 

Veiy maiked aiteiioscleiosis, much amyloid in glomeiuli, maiked 
subacute and chionic glomeiulonephiitis, much fatty degeneia- 
tion of epithelium , veiy many casts , many leukocytes m tubules , 
much new-foimed connective tissue with shimkage 

Marked aiteiioscleiosis, some hyaline glomeiuli, modeiate amount 
of amyloid in glomeiuli , subacute and chionic glomeiulonephiitis, 
much gianulai and fatty degeneiation of epithelium , veiy many 
casts , blood and leukocytes in tubules , thiombosis and leukocytosis 
m blood-vessels, much new-foimed connect tissue with shimkage 

Marked aiterioscleiosis, modeiate amount of amyloid m glomeruli, 
subacute and chi ’ - , much gianulai and fatty 

degeneration of ts , leukoci tes in tubules , 

veiy much new-foimed connective tissue with shimkage 

Maiked aiteiioscleiosis, much amyloid m glomeiuli, maiked sub 
acute and chionic glomeiulonephritis, marked gianulai fatty 
degeneiation and neciosis of epithelium , many easts , much blood 
and some leukocjtes m tubules, much new-foimed connective 
tissue w'lth shimkage 


13 X 5 X 3 cm , suiface granular , 
coitex leduced, shows some hypei- 
cmic spots 


cm , suiface granulf 
coitc\ much reduced 


„ normal surface gianular, 
with reddish patches, coitev 
naid many calcareous ( 
farctions in piiamids 


Modeiate arterioscleiosis , modeiate amount of amyloid m glomeiuli , 
maiked subacute and chionic glomeiulonephritis, some gianular 
and much fatty degeneiation of epithelium, veiy manj casts, 
leukocj’^tes m tubules, much new-foimed connective tissue w'lth 
shimkage 

Ext! erne aiteiiosclerosis , moderate amount of amjloid in glomeiuli , 
maiked subacute and chionic glomerulonephritis, manj’’ casts, 
much blood and some leukocytes m tubules , much new-formed 
connective tissue with fatty degeneiation and shrinkage 

Modeiatc aiteiioscleiosis, much amyloid in shiunken glomeiuli, 
maiked chronic glomerulonephiitis , fatty degeneration in 
atrophied and in few' remaining large tubules , many casts , blood 
and leukocytes in tubules , very much new foimed connective 
tissue with much shimkage 
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AliOniM'jfi or INTERNAL MEDICINE 


Theie is nothing in the gi oss appeal ance of these kidntvs which 
would permit one to make a diagnosis of the condition with ceitainty 
The} aie neithei all tjpieal white contiacted kidneys noi is the peculiar 
coaisely lobulated appeal ance, desciibed by others, at all pathognomonic 
foi this condition The piesenee of Msible hemoirhages as in Case 25, 
XII-57. might be suggestive, as they aie not so apt to occur in aiteiio- 
sclerotic contiacted kidneys, but it is only on careful microscopic exami- 
nation that a definite decision can be i cached Then the presence of the 
amyloid-like mateiial in the glomeiuli, the cMdences of subacute 
and chionic glomeiulonephiitis the pionounced and somewhat peculiai 



Fig 12 — 50\ VII 39 Pai enclij niatous nephntis and amyloid Secondary 
contracted kidnej Little local aniiloid XIaiked glomeiulonephiitis Extreme 
diffuse interstitial lesions Obscure sepsis 


degenerative changes in the epithelium the many casts, and the presence 
of blood and leukocytes in the tubules will help to settle the differential 
diagnosis 

The relation of this condition, which is evidently primarily renal, to 
heart and blood-vessels is naturally of particular interest It is quite 
fiequentlv associated with arteiiosclerosis both in the kidneys and else- 
wheie If we look over the records, ve find inaiked and sometimes 
extreme arteiioscleiosis in the kidneys in all, except in one case (Case 30 
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VIII-47) Geneial arterioscleiosis is mueli less common In two cases 
the aoita and the peiipheial blood-vessels are noimalj, theie aie slight 
le«ions in six cases, leaving thiee only in which theie is well-maiked 
atheroma of the aoita oi peiipheral arteiioscleiosis or both In one case, 
m a syphilitic, theie is an aneni 3 fsm of the arch- 

It almost looks as if the aiteiiosclerosis m the kidneys was secondaiy 
to the chronic inflammation in the tissues, as has been suggested lepeat- 
edly This mterpietation, howeier, could not be accepted if with Jores 
we distinguish sharply between tiue aiteiioscleiosis and the endarteritis 
obliteians which accompanies chionic mflaminatoiy processes, because in 
these cases theie is maiked splitting up of the internal elastic membiane 
in the intimal thickening which, accoidmg to Jores,®^ would lule out 
local inflammation as a cause of it I am not quite convinced, however, 
that this distinction drawn by Joies is entirely 3 astified 

We might also explain the compaiative laiity of general arteiio- 
scleiosis by assuming that it develops late following the full development 
of the condition in the kidneys 

These aie surmises, puiely, and I believe that the latter has somewhat 
less giound to stand on than the former 

The condition of the heait also vanes veiy much In one case theie 
is blown atiophy, in five cases the heait is only model ately enlarged and 
m the last thiee cases only, which, howevei, lepiesent the exti ernes of the 
piocess, the hj^pertiophy of the heait is at all consideiable 

I submit that if it is difficult in aiteriosclerotic kidneys to amavel the 
thieads which bind these peculiaily associated conditions together, it is 
still inoie difficult to do so in the case of secondaiy contiacted kidneys 
We can again gathei an obscuie suggestion that there may be '•ome i ela- 
tion between destruction of kidney-tissue and the development of caidiac 
hjpeitrophy, directly oi indiiectly, but what the i elation is seems still 
veiy much unsettled The renal lesions, howevei, evidently must be verj 
extensive to become effective, which coriesponds somewhat with the 
results of expeiimental research and is also confiimed by observation in 
those cases m which the kidneys are destioyed by ascending nou-suppura- 
tive nephritis, for instance, in cases of chionic cjstitis and pyelitis fol- 
lowing piostatic hypeitiophy, of lenal calculi and of malignant tumors 
in prostate and cervix uteri It has been repeatedly pointed out, and it 
IS also borne out by my peisonal observations, that in such eases we may 
have much desti notion of renal tissue and veiy maiked shrinkage of the 
kidneys, without any cardiac liypei trophy I have collected repoits of 
eight such cases among my recoids (see Table 8), and only m one is there 
the slightest evidence of any hypertrophy In tins case, the heait was 
stated to be one and one-fouith times noimal m size, truly, not a very 
sti iking change 



2oa \iwniyns of isteffal MEDWis-n 

It IS from the e\i)eiiment that we must liopc foi the solution of all 
these gia\e inoblems, but the e\peiiment alone will not guide us, unless 
it IS supplemented b} sound Inou ledge of the conditions as thej' actiiall}' 
exist in man 


COXCLUSIOXS 

The follow iiig would be a sboit ^ummai^ of my coneliisions 
At the piesent time, in man} ca'jes entiiel} too much attention is paid 
to the kidneis, clinically and anatomicall} 

The so-called piimaiy oi genuine conti acted kldne^ repiesents a dis- 
ease of the kidney which is the lesiilt of aiteiioscleiosis in the teiminal 
aiteiioles in this organ, is closely associated with geneial aiteiiosclerosis 
and cannot be piopeily undei stood without due ecnsideiation of this fact 
It IS ditBcult to decide the exact intcii elation between tbe lenal 
lesions, ceneial aiteiiosclerosis, and the hypei tension and caidiac h}pei- 

'lAIlLK S — VSCIINDING SLBACUli: AND CDRONIC NEPnUI'llS 


Nunibci 
and \go 

Otliei r cslons 

Heart 

Blood Vessels 

1 

XIII 103 
70 jis 

Caiclnoma of icctiim cvtcnd 
Inp Into bladdoi , nodulai 
Inpoitiophj of pi estate 

Bioun atiopbv 

Slight athcioma 
of aoita 

a 

04 MS 

Death fiom ceiebinl embol 
Ism , puiiilent cistitis 

Fatti honit 

Noimal 

XIII-7S 
(lO JIS 

Nodiilni hjpeitiopin of pi os 
tate p-inpienoiis cistitls, 
small papillorai of blarldei 

Noimal 

Model ate athcioma 
of aoita 

4 

Dh ei tlcula of bladdei giaiel 

Ilipeitiopln le 

Alaiked athcioma 

1 103 

In light lenal peh is , In 

suiting fiom 

of aoita 

47 JIS 

dionephiosis on left side 

1 ilMilai disease 

and of 
aortic vahes 

5 XIIl-SO 

Death fiom stieptococcus pei 

Small iMtb much 

Slight atbeiomn 

E\tiomch 

stout 

V Oman 

itonltis following stiarigu 
latlon of Intestine 

fatt\ 

infiltiation 

of aoita 

45 MS 

G 

XIIl 00 
W'^onian 
30 1 IS 

Chionic biouchitis and bion 
chiectases , abiinopuiulcnt 
pleuiisj’ on left side 

Soft, flabbj 

Noimal 

7 

Extensile malignant opithell- 

Slisrlit lijpeitrophj 

Slight atheioma 

VIII so 
W^oman 

oraa of ceiviv with metas 
tases 

of left ventiicle 

of aoita 

8 

Chronic suppurative cjstitis. 

11/4 noimal , hypei 

S'lght atheroma 

XIIl 37 
Old 
man 

uieteiitis, abscesses in 
prostate , edema of legs, 
penis and scrotum , begin- 
ning cyanotic atrophy of 
liver 

tiophy and 
dilatation 
on both sides 

of aoita 


Eight cases of ascending subacute and cliionic nephritis, in four cases very 
extensive destruction of kidney tissue of which two show marked eaidiac 
hypertrophy In the last case theie is in addition e\ideiiee of cardiac msu - 

ficiency 
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trophy which is usiialh piesent in these cases It is only safe to say that 
the role of the kidney lesions in the pioduction of the h3'pei tension has 
been evidently considerably exaggerated 

Theie is some reason to believe that the condition as a whole is a 
toxic one So far, howevei, lead is the only substance which seems to 
beai any definite etiological relation to the general process 

Of true primary subacute and chionic inflammations of the kidneys 
there remain subacute and chronic glomeiulonepliiitis^ definitely in the 
majiority of instances due to chronic sepsis 

Closely related to this, etiologically and anatomically, is the subacute 
and chionic amjloid kidney (the large white kidney of other authors) 
From a combination of these last two conditions there arises the 
so-called secondary contracted kidney which in our series was responsible 
for eleven out of thiity-seven cases of seriously contracted kidneys, 


Kidneys Gross Appeal ance 


Large soft, suiface finely gianulai, 
mottled, coite\ i educed in places, 
opaque , maiking indefinite 


Kidneys Micioscopic Lesions 


Laige arteriosclerotic scais, m some sections laige mens of cellulai 
infiltiation and new foimation of cellulai connective tissue, 
much fatty degeneiation in tubules and connective tissue, leuko 
cytes in tubules 


I/Oft, 11 X4X3y> , right, 10X5X3 cm , Some arteiioscleiotic scars, marked diffuse thickening of intei 
laige flat scais on suiface stitial tissue 


Two thirds noimal size, suiface lough, 
Mith puiple seals, coitex leduced 


Loft 9X4X5%, suiface granulai, 
with manj laige letiacted scais, some 
Jivdioncphiosis , light kidney, 11 X 
5% X 4, similai changes but less 
maikcd giaiel in pehis 

7% X 3% X 2% , granulai, giav and 
led, coitev naiiow, full of blight 
1 allow glistening spots , renal pelves 
filled completely with uiic acid stones 

Renal calculus on left side, with pvo 
nephiosis and almost complete de 
stiuction of left kidnej , chionic pyel- 
onophiitis on light, also ’tilth veij' 
evtensn'e destruction 

Pmnlont pj elonephntis with dilated 
pen cs 


‘ /^ X 4 X 2% cm , capsule adheicnt, 
■suiface coaisely nodulii , many laige, 
deep and leti acted scais, coitev much 
icduccd, maikings pool , lenal pelves 
dilated mant piramids ohliteiated 


JIaiked aiteiiosclerosis, few aiteiioscleiotic scais, maiked diffuse 
somewhat iiregular fibrous thickening of inteistitial tissue nitb 
some cellular infiltiation , atrophy of tubules in woist places 

Little arteiioscleiosis , few hyaline glomeiuli, laige aieas of cel 
lular infiltration and new foimation of fibrous tissue with 
collapse of tubules, maiked fibious thickening of capsules of 
glomeiuli, blood in tubules, feu casts 


Moderate aiterioscleiosis, some aiteiioscleiotic scais, veij maikcd 
cellular infiltiation and diffuse new-formation of dense fibious 
tissue with collapse of tubules, urates in dilated tubules in pyia 
mids and in cortex 

Much new -formed cellular connective tissue uith maiked shiink 
age , small remnants of kidney tissue 


Modeiate arteriosclerosis, some arteriosclerotic scais, suppuiation 
in and around ducts in papillm , very marked diffuse cellulai infil- 
tration and new formation of dense fibious tissue thioughout 
medulla and cortex, uith collapse of majoiiti of tubules and 
compensatory hypei trophy of rest, leukocjtes in manj tubules 

Marked arteiiosclerosis , few hyaline glomeruli, very maiked dif- 
fuse cellulai infiltration with almost complete collapse of tubules 
compensatoij' hypertiophy of rest, leukoc 5 tes in feu tubules, 
fibious thickening of capsules of glomeiuli 


The etiolog}" of the cases of seeondai} contracted kidney is not quite 
so clear as that of the more acute conditions but it is highly probable that 
chronic sepsis, in the broadest sense, is an impoitant factor 
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The lesions m subacute and gloineiuloneplnitis and secondaiy con- 
ti acted kidne'^s aie piacticall} a]\va^s lieinoiihagic, and in subacute and 
chiomc amyloid kidneis fiequenth so 

The inteistitial lesions Avhicli aie present in these lattei conditions 
begin to del clop eaily piacticalh siinultaneoiish lutli the epithelial 
lesions Tt is not veiy likely, theiefoie, that they should be secondaii to 
them 



A PNEUMOGEAPHIC STUDY OP EBSPIEATOEY JEEEGU- 
LAEITIES m MEmUGITIS-' 

LEWIS A CONNEE, MD, and EALPH G STILLMAN, MD 

NIW YORK 

It Las long been common knowledge that iiiegiilarities in respiiatoiy 
1 by thin weie occasionally to be seen m meningitis In geneial, bow- 
evei, these lespiratoiy iiiegulaiities have been legaidecl as of mneli less 
fieqnent occuiience and as of much less diagnostic significance than 
iiiegulaiities of the pulse and heait action In most wiitmgs on the 
subject of meningitis, these lespiiatory sjunptoms aie eithei not men- 
tioned at all 01 are refeiied to only biiefiy and casually, the usual state- 
ment being that the Cheyne-Stokes type of bieathmg is sometimes seen 
toward the end of the disease By ceitam of the eailiei wiiteis, how- 
evci, especially among the Pieneh, the disturbances of lespiiation weie 
recognized as of coinraon occunence and weie desciibed at some length 

Biot,^ m 1878, writing on the subject of Cheyne-Stokes bieathing 
devotes seveial pages to quotations from vaiious authois, which show that 
they regarded the disturbances of lespiiation as common and important 
symptoms in meningitis BioPs purpose, m these quotations, was to 
fuinisli support foi liis contention that the chaiacteiistic lespiiatoiy 
change in meningitis was not the true Cheyne-Stokes type of bieathmg, 
although it was fiequently marked by apneic pauses Accoidmg to Biot, 
the '^finenmgitic ihythin” lacked the ihythinical alternation of peiiods of 
apnea and peiiods of giadually mcieasing and decieasmg lespiiatoiy 
movements, which is the essential feature of the Cheyne-Stokes tvpe 
The lespiiatoiy pauses oceuried at iiiegulai inteivals and the individual 
respiiations showed constant iiiegulaiitj'^ in size and in rate 

Since BioPs wiitmgs the subject of the lespiiatoiy symptoms of men- 
ingitis has ajipaiently lecei-ved little attention It has seemed to us worth 
while, therefore, to study graphically the lespiiatoiy movements m a con- 
sideiable number of cases of meningitis with a view to detei mining the 
fiequencv and the charactei of these changes 

METHOD 

Vaiious foims of mstiuments have been used for registering the 
movements of respiration The tjpe that we have found the simplest, 

^Fiom the Medical Seivice of the New Yoik Hospital 

1 Biot Etude clinique et e\perinientale sin la lospiiation de Cheine Stokes 
Pans, 1878 
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and at the =anie time tlie most ^aticfactoi), is the familiai spnal-cpiinfr 
pnenmogiapli of J\ralc^, Clinch consists of a ‘.pnal 'jpiing 12 to 15 inches 
long enclosed in a tliin inbbei tube TIic tiilie is closed at each end bv 
mean'! of a stoppei to Mhicli the end'; of the '■piing aie attached, and an 
opening in one stoppei affoids the onl^ oppoitiinit^ foi the entiance oi 
escape of an Ihis aii-chambei is connected bv iiibbei tubing with a 
tainboiii and wiitimr Icaci ';tiap'; attached to each end the tube is 
':ti etched lighth about the che':t oi nppei abdomen ^o that change'; in the 
ciicnmfeience of the thoia\ oi abdomen pioduce a coiie'jpondincr change 
in the aii-piessiiie in the cloced SAstem of tnbc= Thus the expansion of 
ihe chest oi the descent of the diaphiagm vill can've an elongation of the 
pnenmogiaph vith laiefaeiion of the an vitlnn and a eoiiespondmg 
linking of the tamboni and viiiing ]c\ei Coinoi':el) the expnaton 
collapse of the chc';! oi abdomen vill icsnlt in an ele\ation of the tamboni 
and of the ]e\ei 

1n oulei to cUkB both the thoiacic and the diaplnagmatic mechan- 
ism of lespnation two pnenmogiaph'; wcie n^cd alwa^^ one placed aliont 
the client at the le\ol of the thud iib the othei about the abdomen mid- 
way between the ensifoim cartilage and the nmbilicnc 

In all the illnctiation'; the moAcment'; of the thorax aie ic'^oided in 
the nppei tiacing, tho«c of the diaphiagm in the lowoi one In each 
the descending limb of the tiace maiks the inspnaloni moAement, the 
ascending limb theexpnaton moAement 

In taking the tracings caic was exeiciccd alwaAS to aAOid alteiations 
in the tApe of lecpiiation dne to conscioii'; and Aolnntai) bieathimr and 
to pievent eiiois caused liy coiiAnBive moA'ements. cning, coughing etc 
Ba making it a inle alwais to ohsci\c the ie=pi)aiions foi ^ome min- 
ntes befoie apphing the pnenmogiaph';, it A\as possible to tell A\hethei 
the applications of the instinments piodnced any change in the chaiactei 
of the bieathing 

XOnXIAL nnSriR A.T0T1Y IMOA'FXrrNTS 
In the consideiation of distnibances of the lespiratoiy moA'ements, it 
IS essential to a cleai understanding of the mattei that one keep in mind 
the three fundamental functions which deteimine all such niOAements, 
VIZ, rh5thm (rate) , foice (amplitude) , and tonicity of the lespiiatoiy 
muscles - It is important also to lealize, as Mosso® has so clearl); shown, 
that tlie^e three functions aie quite independent of each othei and that 
their reciprocal relations are bj; no means constant and unchangeable A 
further important fact is that, in the case of the last tivo of these func- 
lions at least, this same independence exists in the movements of the 

2 In tracings of lespiialoii movements changes in musculai tonus aie slioivn 
by changes in the geneial level of the tiace 

3 Mosso Les mouvements lespii atones dii thoiax et du diaphiagme, Arch 
ital de biol , 1903, xl, 43 
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ihoiax as compaied with those of the diaphragm and the abdominal mus- 
cles For example, one may see, in the movements of the diaphiagm, 
ihithmical variations in the foice or in the musculai tonus, oi in both, 
while the movements of the thoiax are perfectly unifoim in both of these 
lespects 

Although it may be said that in normal individuals, both adults and 
childien, the lespiratory movements are iisuall-^ quite legular in ih)thm, 
amplitude and musculai tonus, it has been shown by Mosso^ and othcis 



Fig 1 — An example of the adult type of Cliejme Stokes bieathing, showing 
the laige nunihei of lespiralions in each peiiod, the lelatively short apneic 
pause and the high levels i cached bj the expiiatoiv up stioke^ in the abdoniinal 
tiace In this and the folloiviiig tiacings the uppei line icpiesents the thoiacic 
tiacing, the middle line, the abdominal tiating, and tJie bottom line, the time in 
seconds The doivn strokes lecoid the inspiiatoij movements 

that in the state of complete repose, and especially during sleep, the 
le&pnations tend to assume a ceitam undulatoiy Aariation in amplitude 
That IS to sa3% the depth of successive inspiiations giadiially inciea=es 
and deci eases in a rhythmical wai This tendeuc} is most maiked in 
infants and in the aged, but niai be seen at all ages Among old people 
dining sleep, these undulations mav be so pronounced that diirins: the 

4 Mosso La respiration p^iiodique et la respiration superfine on de luxe 
Arch ital de biol , ISSG, in, 48 
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ponods or shallow bieathing theic may be little oi no lespnatoi} move- 
ment, 1 e, the bieathing niaj assume the Cho}ne-Stolces t 3 pe In the 
new-boin, lespiiation is noimally quite iiiegiilai in all its chaiacteis/ 
blit this iiiegnlaiity soon disappeais, although the tendency to iiiegu- 
laiity, and especiall} to iluthmical changes in amplitude^ I's noticeable foi 
tvo 01 tliiee j'cais® 

In all theie voie studied loity -eight ca^es of meningitis of vaiioiis 
types In five of these the tiacingc veic foi one leasoii oi anothei nnsat- 
isfacton and veie discaided The lemaining foiti-thiee ca«es foini the 
basis of this papei 

Age — The senes included nineteen infants, eleien childien over 2 
jeais of age and thiitcen adults The loungest vas an infant of 2 
months, the oldest a vomaii of 55 \eais 
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Fig 2 — Tj'pical example of the infantile tjpe of Cliej ne Stokes bieathing, m 
a child of 10 months, shoeing the small nnmbei of lespirations in each peiiod, 
the lelativelj' long pause the absence of high expiiatoiy levels in the lespiiations 
and the shoit duiation of the cycles (Each complete cjcle occupied eleven sec 
onds ) A deep sigh is shoun at S 


Types of Menmqiiis — Among the foitj-thiee cases theie weie thiity- 
Iwo of tuberculous meningitis, si\ of the epidemic cei ebrospinal type, 
four of secondaiy stieptococcus meningitis and one of acute syphilitic 
basilar meningitis Of the thiit^-two cases of tubeiciilous meningitis, 
Iwenty-fonr weie proved to be such eitliei by autopsy, by the finding of 
mbercle bacilli in the spinal fluid oi by the lesults of giiinea-pig inocula- 
tions In the remaining eight cases the diagnosis was not so proved, but 
the clinical picture was so characteristic that there could be no reasonable 
doubt as to the diagnosis 

The cases were studied usually fioin the time of then admission to the 
hospital up to that of their death or recoveiy This peiiod varied in 

5 Vallois and Fleig Le giaplnque lespii atone chez le nouveau-n6, Compt 
rend de I’Acad de Sciences, 1905, cxl, 1422 

6 Gaujoux. Contribution a I’fitude de la lespiration cbez I’enfant, Ann d 
m6d et chir infant , 1908, xii, 325 
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cliffeient cases fiom two da 3 ^s to seveial weeks Dm mg this time respira- 
tory tracings weie taken at fieqnent, usually almost daily, intervals 
Occasionally, when the distmhances were of nnnsiial mteiest, tiacings 
veie taken several times m the course of a day 

As might be expected, the onset and eaily clays of the disease weie 
the poition of the clinical course least often seen and studied, since in 
most instances the patients weie not brought to the hospital until the 
symptoms had become well established In seveial instances, however, it 
was possible to follow the symptoms almost fiom the onset 

In all of the thiity-two cases of tubeiculous meningitis respiiatoiy 
iiiegulaiities were observed duimg some part of the illness and usually 
thioughout the gi eater pait of it Among the eleven non-tubeiculous 
(ases alteiations in the lespiiatory rh 3 dhm were noticed in ail but two 
cases That is to sa 3 ’-, distuibances of lespiiatoiy ihythm constituted a 
s\mptom m 95 pei cent of all cases The two cases which showed no 
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Fig 3 — Anothei example of the infantile type of Cheyne Stokes bi eathing, 
seen in a child of 4 yeais The peiiods aie composed of 2, 3 oi 4 lespiiations 

such disturbances weie both instances of the epidemic ceiebiospinal 
tipe One of these a man of 20, was admitted on the third day of his 
illness, lan a very mild course and lecovered within a few da^ts His 
lespirations throughout weie quiet, regular and unifoim, and showed no 
change other than a slight increase in rate duimg the first da 3 f oi two 
The other, a child of 7 yeais, lived for some ten da 3 ^s aftei admission 
During most of this time the restlessness and twitchmgs were so constant 
as to make it impossible to get satisfactoi 3 ' tracings In the two good 
tiacmgs that weie obtained, however, no iriegulaiity vas to be seen 

Time of Fust Appeal ance of hiegulanty — In most cases it was not 
possible to deteimine the time of the first appeal ance of the lespiiatory 
symptoms, as the patients weie biought to the hospital onh aftei the 
disease had become well established and the respiiatoiy aihythniia vas 
appaient on admission Theie is considerable evidence, hovever, to show 
that the respiiatory iriegularities often appeal ver 3 eaily m the disease. 
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esppcially in those foims of incningitis in iiliich the symptoms develop 
abiiipth and violently Thus the-\ ueie noticed on the second day of 
SMiiptoms, in a man with ineningococcic meningitis and in another with 
acute sijihilitic hasilai meningitis, on the foiiith day, in a child uith 
stieptococcic meningitis, and, in thice ehildien vith tuheiculous menin- 
gitis, on the sixth, seventh and eighth da>s, lespectively 

TIPES OF ARiriTlUriA 

When one compaies a laigc numbci of lespiiatoi^ tiacings fiotn cases 
of meningitis, one is at fiist stiuek with the gieat nunibei and diveisity 
of the laiiations fioni the icgulai and unifoim ilnthm of noimal indi- 
viduals It soon becomes appaient, howeiei, tliat these niimeious ■sana- 
tions can be classified into tliiec faiih distinct gioiipc although the lines 
of deniaikation between these aie bs no means always ehaipmid distinct 
Thcie aie 

1 The tspe of Chesne-Stokes 



Fig 4 — Tiacing fioin cliikl of 2 loais, 'iliowing an cxaggeiatecl foim of the 
infantile tspe of CIiOMie Stokes bieatliing An example of the so called “giouped 
lespiiations ” 


2 Biot’s meningitic ihythm 

3 An undulatoiy txpe 

Chejne-Stokes breathing w'as obseived in twentj-thiee (53 pei cent ) 
of the foity-thiee cases Among the thiiteen adult cases it wxas encoun- 
tered onlv foui times (30 pei cent ) Among the thiity infants and chil- 
dren it wms of much more frequent occurrence, being met w ith in nineteen 
(63 pel cent ) of the thiity cases This type of distuibance seems to be 
more prevalent among the cases of tubeiculous meningitis It was observed 
in twentv (62 per cent ) of the' thiity-tw'O cases of tuberculous menin- 
gitis and in thiee (27 pei cent ) of the eleven non- tubeiculous cases 

Before attempting to discuss the special featuies of Chei ne-Stokes 
breathing in meningitis and to contiast it with the othei t3'^pes of respiia- 
tory iiregularitjq it mav not be amiss to lecall biiefly the essential features 
of this type of respiratory disturbance, as it is commonly seen in such 
conditions as cerebral liemorihage, uremia and ceitain forms of heart 
disease It consists of the rhythmical alternations of pei rods of respira- 
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toiv movement and peiiods of apnea All the lespiratory periods aie of 
approximately equal length and are made up of about the same number 
of individual respirations These show fiist a giadual increase in force 
and amplitude, the respirations becoming labored and dyspneic, and then 
a gradual decrease With the waxing and waning of the lespiiations 
there is usually also a corresponding slight increase and decrease in the 
respiratorv rate The peiiods of apnea also are of approximately equal 
length The duration of the pause differs much in different cases, hut 
IS usually from one-half to three-fourths of the time occupied by a respira- 
tory period (Fig 1) The number of lespiiations to a period vanes, in 
different cases, between fifteen and thirty In an average case the time 
occupied by a complete cycle would be approximately sixty seconds, the 
respiratory period being composed of twenty respirations and occupying 
forty seconds and the peiiod of apnea lasting twenty seconds 

The Cheyne-Stokes breathing observed in meningitis in adults shows 
no essential differences from that seen in other conditions In infants 
and young children, however, this type of breathing presents certain 
features which distinguish it sharply from the adult type (Figs 2, 3 
and 41 The duration of a complete cj^cle is very much shorter the 
average time occupied being only about ten s'econds The number of les- 
piiations in each period is much smaller, varying from two to eight, the 
usual numbei being four or five The time of the period of apnea is 
relatively long, the pause usually occupying at least as much time as does 
the respiratory period The force and amplitude of the lespiiatoiy move- 
ments are naturally much less than in the adult type of breathing, and 
there is lacking, in most cases, the foicible expiration which, m the adult 
type, during the period of dyspnea, carries the expiratory limb of the 
trace high above the expiratory level seen in the periods of apnea 

The question at once arises as to whether this special t 5 'pe of Cheyne- 
Stokes breathing seen in childien with meningitis is conditioned on the 
nature of the disease or merely on the age of the patient, in other words, 
IS it a meningitic type of Chejme-Stokes bieathing oi only an infantile 
type’ This question we cannot answer positively We have happened 
thus fai to encounter no cases of Che 3 me-Stokes bieathing in cliildien or 
infants in diseases other than meningitis vhich could be used for compaii- 
son Cheyne-Stokes breathing in meningitis in adults, however, shows no 
special variation from that seen in other diseases, and there is every lea- 
son to believe that the special featuies of the type pst described depend 
not on any particular form of disease, but on the peculiarities of lespira- 
tion, as it occurs in infants and childien We shall therefore, m the 
futuie, refer to it as the infantile t 3 'pe of Cheyne-Stokes breathing This 
infantile t 3 pe is not confined to 3 nung children, it was observed in chil- 
dien whose ages weie, lespectivebq 6, 8, 11 and 12 3 eais On the other 




auty of the icspiiations m foice and rlnthm 
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hand, in one child of 8 yeais, the Cheime-Stokes hieathing approached in 
chaiactei the adult type 

‘^^GROUPED respirations" 

Wesf^ in an aiticle on Peiiodic Respiiation, divides this into two 
special foiins 

1 Cheyne- Stokes lespiiation which is chaiactei ized by the thiee 
featuies of (a) long panse, (b) the ciescendo and diniinnendo of the 
respnations and (c) the rapid rate 

2 A form which he calls ^^gionped lespirations” in which “the lespira- 
tions occur in groups of two, thiee oi four at a time Each lespiiation 
is slow and delibeiate and of appioximatelj'^ equal depth, while the intei- 
vals are raiely longer than ten oi perhaps fifteen seconds, so that the 
rate of respirations is not more than 8 to 10 or 12 in the minnte ” 

These “grouped respirations” he has seen only in meningitis and gen- 
erally in the posterior basic foim These two forms of periodic respira- 
tion, he believes, “stand in marked contrast with one another, not only 
clinicall}^ but also in prognostic significance ” It seems hardly possible 
that West’s “grouped respirations” can be anything else than the infantile 
type of Cheyne-Stokes, although he does not mention the age of the 
patients in which this type of breathing has been observed In the more 
extreme examples of the infantile Chejme-Stokes it is usual to have only 
two, three or four respirations to each cj^cle, and these show no very 
great difference in amplitude It often happens, however, that in the 
same tracing there will be a few cycles containing five or six respirations, 
and then the increase and decrease in amplitude is much more apparent 

West’s statement, that “each respiration is slow and deliberate,” is 
difficult to accept While it is tiue that with only two or three respira- 
tions to a cycle the number of respirations per minute may be only ten 
01 twelve, j-et these few respirations occupy only a small portion of the 
time of the cycle The duration of each respiration, therefore, is very 
shoit, usually between one and one and three-fourths seconds, whereas 
in the adult t 5 ’^pe of Cheyne-Stokes the duration of each respiration is 
usually somewhat longer 

We feel convinced that the ^^giouped respirations” are identical with 
the infantile tvpe of Cheyne-Stokes, and we cannot, therefore, accept the 
conclusion of West that this form of periodic respiration differs from 
Cheyne-Stokes breathing, either clinically or in its prognostic significance 
Eigures 3 and 4 show the more extreme forms of the infantile type of 
Cheyne-Stokes, which seem to be identical with West’s grouped lespira- 
iiniiS In both of these cases tracings taken at other times have shown 
the typical form of Cheyne-Stokes breathing 

7 Ti Clin Soc , Lond , 1906, xxxix 46 
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BIOTAS BBEATiriNG 

Attention to iliifc tApe of lespnatoi}' aili^thmia lias been called in a 
lecent aiticle by one of o': (Connei) « Biot dcclaied that the disturbance 
of le^piiatoiy iliytbin so fieqnently ob=eived in meningitis, while it boie 
some leseinblance to, Mas by no means identical with tine Clievie-Stokes 
bieathiiifr, as had been assumed by vaiious uiiteis The chai actenstic 
featuies of this “meningitic ihythm,^’ he pointed out, weie 

1 Peiiods of apnea of laiying length and occuiiing at iiiegulai intei- 
vals 

2 Coii'itant inegulaiit’^ in the ihUhm and in the foice of the indi- 
vidual le^piiations 

3 The ficquent oceuiience of deep, sighing lespiiations 

This t 3 pe of bieathing he believed to be chai actenstic of meningitis 
and he implied, although he did not state explicitly, that tiue Cheine- 
Stokes lespiiation does not oecui in that dnease In this conclusion he 
uas cleaily in eiioi foi ve have alieady sliovn that the Cheyne-Stokes 
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Fig G — Tracing fioiii a child of 2 leais, shoiMiig iindiilaton laiiations in 
the foice of the inspiialon mo\ements 


tipe IS lealh veiv common in meningitis, occuiiiiig as it did, in 53 
pei cent of oui senes of cases In this same senes Biot's meningitic hpe 
of bieathing (Fig 5) vas obsened in nine cases, oi 27 pei cent In six 
in'itances it was the only type of inegulanty noticed In thiee cases the 
Cheyne-Stokes type vas also piesent at some time during the illness 
The incidence of the Biot type in the tubeiculous cases was distinctly 
le=s than in the non-tubeiculous cases, theie being five instances of it 
among tlie thiity-two tuberculous cases and foui among the eleven non- 
tubeiculous Biot’s bieathing was obseived foui times among the thiiteen 
adults 01 30 pel cent , and five times among the thiity infants and chil- 
dien, 17 per cent 

It is interesting to note that wlieieas the peicentage of the Cheyme- 
Stokes ty’^pe in childien was moie than double that in adults, the Biot 
type was encountered almost twice as fiequentlv in adults as in children 
The occurience of deep sighs is one of the sti iking and easily lecog- 
nizable features of this tyqie of arliytlimia They vary much in fiequency 


8 Connei Biot’s Bieathing, Am Join Med Sc, 1911, c\li, 350 
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H] cliffeient cases, sometimes occmimg m lapid succession^ sometimes seen 
only at long intervals Frequently each sigh is followed immediately by 
an ajmeic pause of gieatei oi less dniation This lule is not constant, 
however, foi occasionally the respiiations continue aftei a sigh without 
any such intenuption On the othei hand, the periods of apnea are by 
no means ahvays pieceded by such sighs, not infiequently they aie seen 
to occur in the midst of quiet respirations 

These deep, sighing lespiiations weie sometimes observed when the 
breathing in other respects appeared almost oi quite normal The} veie 
also seen occasionally in the course of t}pical Cheyne-Stokes breathing 
(see Fig 2) They seem to be a very chaiacteiistic feature of the bieath- 
mg of meningitis At least they are, m our experience, rarely met with 
ill diseases other than meningitis 

It has been card that in three of the nine cases in which Biot’s bieath- 




Fig 7 — Tiacing fiom a clald of 4 months, showing maiked vanation in 
the foice of the lespiiatioiis, with a tendency to the altei nation of deep and 
shallow lespiiations 


ing rvas observed, the Cheyne-Stokes t}pe was also seen at some time in the 
disease The first patient, a child of 8 }ears, with tuberculous meningi- 
tis, showed typical Cheyne-Stokes breathing when admitted to the hos- 
pital on the fourteenth day of the disease During the next two da}s the 
breathing became less distinctly Cheyne-Stokes in type and theie were 
many deep sighs Then came a period of three days when the lespiiation 
vas normal except for slight undulations and occasional sighs, then two 
days when the breathing was of the Biot type, and then a day oi two of 
very rapid and regular respiration followed b} death 

111 each of the other two patients (children with tuberculous menin- 
gitis who entered the hospital about the end of the first week of then 
illness) Biot’s breathing was seen on the day after admission After a 
day 01 two the respirations took on the Cher ne-Stokes chaiactei, vliich 
die} letained for several days Then as the breathing became vei} rapid 
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jnst befoio death, it became cjuile legulai Tins teunjiial j^hase of very 
lapid and legiilai bieathnig A\as an almost constant featme in oiii cases 
of meningitis Is^o mattci how extieme and peisistent the lespiratoiy 
aihytlimia miglit have been, tlieie was lognlaily, gist befoie death, a 
penod ^alvlng fiom a few' honis to two oi thiee da>s, wdien tlie i aspira- 
tion became veiy lapid (oO to SO pei minnte) and peifectl’^ legiilai in 
both foico and ih 5 t]im 

The scope of tins aiticle does not admit of a discussion of the causa- 
tion of the Biot type of lespiiation This subiect has been consideied 
biiefly by one of us (Connoi)® in the papei on Biot’s bieathing alicadv 
cited 



Fig S — 1 racing showing inaiked lUKlulalions in nutsculai loniis and in 
foice, following a deep sigh laKen fioin a child 2 icais old 


THE UNDULATOny TYPE 

The thud gioup of lespnatoiy iiiegulaiities, wdneh, foi lack of a 
better name, w'e have called the undulatoiy type, diffeis fiom the otliei 
tw'o groups m that the occuiience of periods of apnea does not constitute 
a feature Theie w'eie tw'elve of the foitj'-thiee cases in wdiich neither 
the Cheyne-Stokes noi the Biot type w'as detected, but in wdiich, never- 
theless, the tracings show'ed a deiiartuie from the noimal, uniform type 
Under this group n regularities of three distinct kinds w'eie obseived 
corresponding to disturbances in the action of each of the thiee factors of 
rhythm, force and musculai tonus These w'ere 

1 Undulatory variations in the depth of iiispiiation (distuibances 
of force or amplitude) 
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2 Undulatoiy variations m the geneial level of the tiace, i e, m 
both the inspiiatoiy and expiiatoiy levels (distnibance of muscular 
tonus) 

3 Ehythmical vaiiations m fiequency (distiubauce of rate or 
rhythm) 

These undulatoiy changes in ihythm, foice and tonus were seen gen- 
eially in both the thoracic and abdominal tiacmgs, although frequently 
they weie moie pionoimeed in one than in the othei Sometimes, however, 
one trace would show vaiiations slightly or not at all, while in the other 
they would be very maiked Such undulatoiy iiiegulaiities weie by no 
means coniined to the cases included m this gioup Theie weie, indeed, 
veiy few cases which, at some time in the couise of the disease, did not 
show such undulatoi'} variations, but in the twelve eases of this group 
the lespiiatoiy iriegulaiities stopped heie and the moie sti iking and 
obvious foims of distuibance uere not seen Undulations m amplitude 



Fig 9 — Tiacing fiom a woman of 32 yeais, showing undulatoiy vaiiations 
m foice, late and musculai tonus The inciease in late coiiesponds with the 
peiiods of inciease in foice 

alone seem to lepiesent the mildest and commonest type of disturbance of 
the respiiatoiy mechanism Indeed, slight vaiiations in amplitude are 
perfectly noimal in young infants, and aie frequently seen in the tracings 
from oldei persons, especially during sleep 

The variations in amplitude were sometimes seen alone, although often 
they were combined wath vaiiations eithei in tonus oi rate, oi in both 
On the other hand, variations in musculai tonus or in late were almost 
alwavs associated with undulations m amplitude, the inciease in rate 
alwa3s s^mchionizing vith the increase in amplitude Figure 6 shows 
undulatorv changes in amplitude, winch are confined almost entirely to 
the abdominal trace In Figure 7 is seen quite a diffeient sort of dis- 
turbance in amplitude The abdominal tiace especially shows an inter- 
esting alteination of one large with one or tvo much smaller respirations, 
and bears a strong lesemblance to the tiaeings of a pulsus alternans 
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Fi^uies 8 and 9 sho^\ distinct nndiilaiions in mnccnlai toniis, the dis- 
tuibances being inoie pionoiinced in the tlioiacic tiace in one and in the 
abdominal tiace in the otbei In botli figuies the ibytbmical eliange in 
aniplitndo is also appaient, and in Figuie 9 an mcien^e in late is seen 
coiie=ponding Mitb the peiiods of inci eased amplitude 

Tiir: iii:l\.tioxs of Tiin Dii'riiiLXT T\nns oi Anxoinr\L ulsphutory 

nniTirm to lvcii OTinm 

The undnlaton tApe is miqnestionabl’^ miicli the tommone=t, and, so 
to speak, the mildest type of lespiiaton iiiegiilaiity It yas ^een in 
come foim and at come time in piacticallA e\e]> ca^e of meningitis that 
Avas obseived foi an’\ length of time In those cases in aaIucIi tlie giadnal 
deA’elopment of the CbeAiic-Stokec oi Biot tAjie could be Aiatebed it A\as 
alAAa'^s the hist indication of distuibed ibytbm and in the feA\ cases 
AAdiicb lecoAeied it Aias the last to be seen befoie the bieatbing became 
noimal It AAas often possible, especialh in cbildieii to folloAA the 
giadnal change liom bieatbing aaIucIi shoAied onl^ slight nndnlations m 
the inspiiatoiA leAol of the tiace to the fiilh deA eloped ChoAiie-Stokes 
tApc and fiom this back to the simple nndnlations I’lie nndnlaioiy 
iliAthm A\as seen often in cases aaIucIi at othei times A\onld shoAv the Biot 
tApe of bieatbing, bnt in geneial it seemed to beai a closei i elation to the 
Cheyne-Stokes type It cannot, Iioaacaci be legaided ahia'^s as meielv a 
rndimentai}’’ form of CheAiie-Stokcs foi in inanA cases the undulation 
AAmiild AaiA considerabl-^ in length and Aioiild lack the complete ih}th- 
niical altei nation that is so distinctive a featnic of the Che^iie-Stokes t^pe 

The lelationship betAA^een BioBs and the Cheyne-Stokes t'^pe Aias dis- 
cussed by one of ns (Connei) in the aiticle on Biot's bieatbing alieady 
lefeiied to,® and AA^e quote fiom it as folloAAS 

Biot was quite ■Haiianted, it seems to me in insisting on tlie sliaip distinction 
between tins [bis] meningitic Ijpe and the foi in of bieatliing desciibed bi Clieine 
and Stokes llie tuo types have leally little in common The dominant featiiie 
of Cheyne Stokes bieathing is the ihythmic succession of peiiods of apnea and 
periods of dyspnea The apneic pauses in an}' given case aie quite unifoim in length 
and occui at legular inteivals The peiiods of dyspnea aie all composed of about 
the same number of respirations and ahou legulai ly a progiessive waving and van 
ing in the force of the respiiations The chai actei istic featuie of Biot’s type, on the 
other hand, is its complete lack of any soit of ilij^hm The periods of apnea 
\ary in length and occui at ii regular inteivals and theie is constant iiicgulaiity 
in both the late and the force of the individual lespiiations Such essentially 
different types of breathing must, it seems to me, liaise a diffeient cause and 
pathogenesis The fact that Cheyne Stokes lespiiatioii is occasionally 

seen in patients who, at othei times, show Biot’s type, only means, I think, 
that in such patients the intiacianial conditions of — let us say — pressure or 
irritation are changing 

Conner Biot’s Breathing, Ainer Joui of Med Sciences, 1911, cvli, 350 
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THE RELATIONS OF RESPIRATORY DISTURBANCES TO THE OTHER SYMPTOJilS 

OF MENINGITIS 

Thus far we have been unable to detect any veiy close i elation ship 
between the respiiatoiy inegulanties and any of the othei piominent 
symptoms of meningitis Most of the irregulaiities weie obsened in 
patients who, at the time, were in a state of stupoi oi coma, but theie 
were a number of exceptions to this rule One patient, a man with 
streptococcus meningitis, was under observation foi five weeks befoie he 
died Up to the last week of life he was peifectly conscious and lational, 
although inclined to sleep most of the time , 5 et this man showed almost 
constantly thioughout his stay in the hospital typical Biot’s bieathing 
Theie veie some instances, also, in which Cheyne-Stokes bieathing vas 
seen m childien who were quite conscious at the time Ii regularities in 
the heait action were not detected in many of oui patients, but when met 
with did not seem to beai any relation to the lespiiatory inegulanties 
The influence on the respiratory symptoms of the removal of cerebiospina] 
fluid by lumbar puncture was less distinct than we expected In only one 
instance did we see Chejm e-Stokes breathing disappeai on the removal of 
fluid bv puncture In another ease the bieathing, which sliowed onh 
slight undulations in amplitude before the puncture, became frankly 
Che3ne-Stokes in chaiactei afterward With these two exceptions no 
change was noticed as the result of lumbar punctuie 

the diagnostic value of respiratory irregularities in MENINGITIS 

Fiom the meie fact that respiratory irregularities were observed in 
95 pei cent of all the cases of meningitis studied, it is evident that they 
are to be classed among the common symptoms of that disease Moreovei, 
in most instances, they belong among the easily recognizable symptoms 
Uo pneumogiaph is required foi the recognition of the Cheyne-Stokes 01 
the Biot type of breathing, all that is needed is the careful and patient 
observation of the movements of respiiation Avhen the patient is quiet and 
undistuibed One or the other of these two t)^pes was seen in two thirds 
of all oui cases and Avas usually present thioughout most of the course 
of the disease When the respirator}^ movements shoAV only undulatory 
variations, Avithout pauses, the disturbance is less easily detected lu" the 
unaided e}e, but even this form can often be lecognized if the irregu- 
larities be at all marked 

Of the three types of arhythmia, Biot’s is unquestionabl} the most 
nearl} pathognomonic of meningitis We are not prepared to say that it 
occurs onlv in meningitis, but among the tracings of several hundied 
patients, both adults and children, ive have met with it, in its tipical 
form, only m ten cases, and nine of these were proved cases of meningitis 
The tentli case was that of some intracranial complication of ma'^toiditis 
which maA'^ have been meningitis, but was not proA’^ed to be Ba some of 
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the cailici AMiteis tins foim A^as sometime': called '^ccicbial bieathmg” 
and Alas belicAcd to occui m a vaiiet-^ of intiacianial affection'! Fiom 
oni e\poiience aac aie coiiAnnced that its occiiiience in condition': otliei 
than meningitis must be laie, to "ay the least The Cheyne-Stokes tApe 
of bieathing has of coni sc, much Ic"'- diagno':tic ':igniricnncG Jn the case 
of adults it piobabl} has no Aaliie in di':tingni':hing meningiti" fiom othei 
intiacianial disease': In childien, hoAACAei the ca':c is diffeient Its 
appeal ance fuinishc': Acn stiong cAidence in faioi of ''ome foim of 
meningitis although it undoubtedly is enconnteicd occasionally in othei 
biain diseases It A\as piescnt in 63 pei cent of oni cases of menimritis 
in childien As legaids the nndiilaton tApe of iiiegulaiilies it must be 
said that this foim of bieathing is seen too fiequenth in Aaiions othei 
scA'eie diseases to lendei it of much Aahie in the diagnosis of inenintritis 
It IS entitled to consideiation only Aihen piesent in some of its moie pio- 
nonneed foiins and aaIigii associated AAith othei SAinptoms of meningitis 
In a patient snspeeled of meningitis the contimied absence of 11102:11- 
laiities of lespiiation if thcA’ liaAc been sought foi caiefnlh and peisist- 
enth, should make one cautions in accepting that diagnosis Theie aie 
fcAA' instances of that disease aaIucIi do not ai some time sIioaa distinct 
GAudences of such distiiibance 


su.AfiArARy 

Iiiegiilaiities in the icspiiaton 1 In thin A\eie obsened at some time 
in the coiiise of the disease in all of the thiiivtAAO cases of tiibeicnloiis 
meningitis, and in all but two of the elcAen non-tiibeiculoiis cases These 
iiiegulaiities often appeal eaily in the disease and in most cases aie to 
be seen much of the time thioughout the coiiise of the illness Tow aid 
the end of life, lioweA^ei, the bieathing is apt to become agia lapid and 
quite legulai The lespiiatoiy iiiegulaiities could be giouped into tliiee 
faiily distinct classes, although intei mediate foims weie often met with 
The thiee classes aie (a) The tApe of Chevne-Stokes (b) Biot’s men- 
ingitic tipe, and (c) an undulatoi}’- type 

CbeAiie-Stokes bieathing Awas seen 111 53 pei cent of all the cases and 
in 63 pel cent of the eases in children It Aias of moie fiequent occui- 
rence among the cases of tubeiculous meningitis than among the non- 
tubeiculous ones 

As obserA^ed in children, this type of lespiiation piesents ceitain 
featuies Avliicli distinguish it fiom the foini seen in adults These 
peculiaiities, yve belieA^e, aie 1 elated to the age of the patient latliei than 
to the natuie of the disease, in othei Avoids it is an infantile tiqie of 
Cheyne-Stokes rather than a meningitic type The foim of pei iodic 
breathing described by West and called "giouped respiiations,” seems to 
be identical AVith the moie extreme examples of the infantile type of 
Chejme-Stokes 
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Biot’s breathing was obseived m 37 pei cent of the foity-thiee cases 
Its incidence among the adults and among the non-tubeiculous cases was 
consideiab]}^ gieatei than among the ehildien and the tiibeiciilous cases 
It was seen at all stages of the disease and occasionally was met in cases 
which at othei times showed the Che3me- Stokes type 

The thud gioup of lespnatoiy niegulaiities, designal ed as the 
undulatoiy type, showed no apneic pauses^ but was chaiacteiized by 
undnlatoiy and moie oi less ihjdhmical vaiiations in the iliythm and 
foiee of the lespiiations and in the tonicity of the lespiiatoiy muscles 
This foini of lespiratoiy distuibance was seen at some time in the couisc 
of almost every case 

ISTo distinct relationship could be detected between the piesence of 
lespiiatoj}^ iiiegulaiities and ii regularities in the pulse, noi weie the 
lespiiatoiy aihythmias dependent on any special mental state such as 
stupor 01 coma The diagnostic significance of respiratoiy iiiegulaiities 
vanes with the type Biot’s breathing, when it occurs, may be legaicled 
as almost pathognomonic of meningitis The Cheyne-Stokes type has 
little or no diagnostic value in adults, but in children it is seen imicli 
11101 e fiequently in meningitis than in any othei condition, and, if asso- 
ciated with othei suggestive s3unptoms, should alwa3^s aiouse giave sus- 
picion of that disease The undulatoiy type of iiiegulaiities is found too 
often in othei diseases to be of much value in the diagnosis of meningitis 
121 East Sixty-Second Stieet — 128 West Fiftj'-Ninth Stieet 
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J01L\ KOLIVJER, .AID 

mil Ai)i I miA 

O^Miig to tlic fact that seailct fe\ei Iia^ long been noted a contacioii'J 
disease^ it is not smpnsing that eail) and jiei distent attemjits ^^ele made 
to discovei its exact cause Mam Acais befoie the de^e]opment of 
baeteiiology, iniestigatois believed that a ‘•pecibc contaginin uas pie^ent 
and seaiehed foi it, mainly in the blood vitli then ciude magnifyng 
lenses 

In 1S69 Ilalliei considcied the miciococcii': vhieh he claun'; to liaie 
seen in the blood coipuseles of scailel fexei pat lent': to be the cau«e 
Fiom then until 1884 when Loetllei isolated a stieptococcu'; fiom the 
till oat of a seal let fevoi patient, laiious cocci bacilli and ‘Todio=’‘ wcie 
di«coieied in the skin, blood and mine bi ought foiwaid as the solution 
of the pioblem, lecened no contiimation, and diopped into oblnion 

In 1885 Powers noted the piecence of =cailet fe^el among the con- 
‘•umeis of milk fiom the Hendon faim, England The uddeis of the 
eoivs weie found ulcerated Klein delegated to make bacteiiological 
examinations of the cows, isolated stieptococci Latei he seemed stiepto- 
eocci fiom scarlet fevei patients and consider od these oiganisms analogous 
to those seemed fiom the cows Ceitam individual cliaiacteiistics weie 
ascribed to these streptococci, and Klein bclle^ed a stieptocoecus to be the 
specific oiganism of scailet fever 

Since then Fiessmgei, Dow son. Beige Liiuone, Baginsky and Sommei- 
feld have eithei positively oi tentatively legaided stieptoeocci as the 
cause of the disease Gordon, Peaice, Hektoen, Schambeig, Gildei sleeve, 
Bergey and I ha^e noted the close i elation of streptococci to scailet fe'^ei 
In 1889 Class of Chicago described a laige Gi am-ncgative diplococcus 
found in scailet fe^er cases and which he consicleied the exact cause His 
work has not received unifoim confiimation, although it is ceitainly tine 
that his diplococcus occurs in a laige numbei of scailet fevei patients 

In 1887 Pfeiffer described protozoa-like bodies in the blood of scailet 
fever patients, and in 1904 inteiest in this phase of the subject w^as 
renew'ed by the researches of Mallory^, wdio desciibed ceitam bodies, 

*Froin the Laboiatorv of the Philadelphia Hospital foi Contagious Diseases 

*Eead before the joint meeting of the New England, New Yoik and Philadel 
phia Pediatric Societies, New Yoik, Nov 9, 1911 
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Cyclastei scai laUnahs, wliicli lie believed might be the cause of the disease, 
m the skin of scailet fevei patients 

The latest contiibiition to the bacteiiolog}'' of scarlet fever was made 
by Vipond,^ who describes the specific organism of scailet fever, seemed 
from the enlarged l 3 mphatic glands, as being a lapidly gi owing, spore- 
forming, acid-pioducing bacillus Bouillon cultuies of this organism aie 
claimed to have pioduced the disease in monkeys and rabbits In iiiv 
own^ bacteiiological investigation of the glands in twenty-six cases of 
scailet fever, I failed to find in any case any organism lesemblmg those 
described by Vipond In nine of these cases stieptococci weie found 

As will be noted, streptococci have leceivecl most attention in leseaiclies 
m scailet fever Practically all the work was concerned in establishing 
the fiequeney with which streptococci occuiied in this infection and 
whether oi not they possessed such morphological and biological chai- 
acteis as would enable one to identify them from the bioad class of 
stieptococci and theieb}'- establish then exact relation to scarlet fever 
Since 1905 interest has been lenewed in this subject by the reports of 
Bussian phj'-sicians concerning the efficaev of pioplp lactic injections of 
streptococcus bacteims (vaccines) in scailet fevei Gabiickevsky ® prob- 
ably the first to advocate the practice of stieptococcus immunization, 
while not expressing himself definitely as believing a streptococcus to be 
the cause of scarlet fevei, ceitamly believes that it bears a veiv close 
etiological relation to the disease He prepares his vaccine from cultuies 
of streptococci secured at autopsy of scailet fevei patients and kills the 
emulsion by heating foi one hour at 60 C So far as I am able to 
asceitain the method has not been m piactice outside of Eussia If 
stieptococcic immunization does absolutely pi event scailet fevei, then a 
stieptococcus not only bears a close relation to the disease but inav be 
consideied the specific cause 

Confident that scailet fevei streptococci do not possess anv specific 
cultuial 01 inoiphological characteristics, I began to stud) the antibodies 
of a nuinbei of different cultuies from various sources with tvo mam 
objects m view 

1 To determine more accurately, if possible, by such study the 
relation of stieptococci to scailet fevei than is possible by inoiphological 
and biological studies alone 

2 To deteimine if the method of stieptococcus immunization as 
piaciiced in Eussia can be supported by laboratory investigation 

1 Vipond, A E Scailet Fevei Prelinimaiv Note of its Specific Micio- 
oiganisni, Aicli Pediat , 1911, xvviii. No 7, p 5G4 

2 Kolmei, J A A Note on the Bacteiiological Examination of Lymphatic 
Glands in Scailet Fevei, Am Join Dis Child 1911, ii 329 

3 Gabiicke'sskv Stieptococcic Vaccines and Then Application in Scarlatina 
Rnssk Viach, 1905, iv, 941 
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ORGAXIS.MS AND IMMUND SLRU]\rS 
111 all of the following e\])enments llic same cnltmes and immune 
seiiims iieie used Accoidingh lefeience 11111 be made to ciiltiiie and 
'56111111'= bi inimbei onh Poi iii'stance, Antigen 1 means that it iias made 
of Stieptococciis Ciiltiiie 1, and Immune Seiiini 1 means that it iias 
produced b} injections of Stieptococciis Cultnie 1 and <=0 on tliiougli 
opsonins and agglntinins 

Ho 1 — Sticptococci ‘'Gciiied fiom scailct fevei patient'; A hoise 
was immiini/ed (Iinmnne Seinm 1 ) by tbiee injections of stieptococci 
killed b} e\po'5ing to 60 C foi one bom , the ne\t two injections iiere of 
attenuated oiganisms aftei e\posiiie to oO C foi tliiiti minutes and the 
last injection piececling bleeding uas of living cultuie'; All injections 
ere ''iibciitaneous 

Ho 2 — A streptococcii': seemed by blood-cultme fiom a case of 
scailet fevei A labbit i\as immmii/ed (Immune Seimii 2) bj six 
intiaienous injections, at intenals of a ueek of oiganisms exposed to 
60 C foi one bom 

Ho 3 — A stieptococciis fiom a case of septicemia, obtained fioiii 
Dr A P Hitchens A labbit i\as immuni/ed (Immune Seimii 3) by 
SIX intiaienous injections of oiganisni« exposed to 60 C foi one hour 
Ho 4 — A stieptococciis, isolated bj Fillin fiom a ease of septicemia 
and obtained fiom the Ameiican Museum of Hatuial Histon Hew Yoik 
A labbit was inimuni/ed (Imimino Seiiini 4) by six intiavenoiis injec- 
tions of oiganisms exposed to 60 C foi one horn 

Ho 5 — A stieptococciis isolated fiom a non-scailatinal tonsillitis A 
rabbit (Immune Scium 5) vas imiiiuni/ed by six intiavenoiis injections 
of organisms exposed to 60 C for one horn 

The injections veie given eveij" seven days and the seium tested fiom 
time to time by bleeding from the eai At the end of seven weeks the 
rabbits weie killed and seium stored in sterile tubes in the refrigerator 
without the addition of preseivatives Hoimal hoise seium was seemed 
from two healthy animals and noimal labbit seium fiom six large healthy 
rabbits 

COMPLDMENT FIXATION REACTIONS 
It IS reasonable to suppose that immune bodies exist in the blood of 
persons having recovered from scailet fever, as this disease is specifically 
infectious, runs a definite conise and confers a specific immunity in the 
great majority of cases 

In 1904 Besredka* applied complement fixation reactions to the study 
of hoises immunized with streptococci and found that the various serums 
produced complement fixation only with the stiain of streptococci used 

4 Besredka Le sgrum antistreptococcique et son mode d’action, Ann de 
I’Inst Pasteur, 1904, \viu, 363 
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m pioducing them He concluded that we have m the fixation leaction 
a means of studying and diifeientiating streptococci Fiesh emulsions of 
living oiganisms were used as antigens In the same j'-eai Besredka and 
Dopter'^ applied the leaction to the study of scailet fevei but without 
positive lesults Thiee yeais iatei Foix and Mallem® applied the leaction 
to the study of twelve cases of scailet fevei and found positive lesults in 
ten Nine contiols^ including seiums fioin foiii cases of eiysipelas and 
one of piieipeial sepsis, jaelded negative lesults IJppenheim' tiied 
complement fixation reactions with two stiains of stieptococci fuinished 
by Paltauf, with Mosei’s antistieptococcus serum The lesults weie nega- 
tive, and vhile he does not give any details of his technic, he concludes 
that Mosel’s serum did not contain stieptococcus antibodies Castex,® 
using a flesh emulsion of apjiaiently one stiain of stieptococcus, applied 
the reaction in the study of four cases of eij’-sipelas, five cases of scailet 
fevei and a case each of stieptococcus abscess, pueiperal fevei, pleuiisy 
and aithiitis, seeming positive leaetions in all but thiee cases of scailet 
fever He expresses Ins belief in the unity of the stieptococcus Sommei- 
feld,® using a fresh emulsion of streptococci as antigen, found no fixation 
m scailet fever Livierato studied eighteen cases of scailet fevei and 
found all positive with an antigen of scailet fevei stieptococci and nega- 
tive with antigens of staphjdocoeci, diplococci, Bacillus typhosus, etc 
Svift and Thio,^^ aftei studying thiee strains of stieptococci, thiee stiains 
of diplococci and one of Staphylococcus auieus, found that immune bodies 
specific foi different strains of stieptococci, can be demonstiated by 
means of the complement fixation test To these investigatois is also 
due great ciedit foi woiking out a satisfactory method of piepaimg bac- 
teiial antigens 

Since it IS apparently possible foi one not only to detect stieptococcus 
antibodies in serum, but also to diffeientiate stieptococci by complement 
fixation reactions, it was considered advisable to studi'’ scailet fevei seiums 
and determine in what percentage of cases stieptococcus antibodies could 
be found Although it is possible to find stieptococci in a laige per- 

5 Besredka and Doptei Du lole des streptocoques au corns de la Scailatine, 
Ann de I’Inst Pasteui, 1904, xviii, 373 

6 Poix, C, and Mallein, E La inaction de Boidet et Gengou vis a vis du 
Gtieptocoque dans la scailatine, Piesse ni4d , 1907, xv, 777 

7 Uppenlieini, A Uebei Komplementbiiidung bei Scliailaeli, Munclieii med 
Wclmsclir , 1909, Ki, 2471 

8 Castex, M R Recbeiches cliniques sui la piesence d’anticoips strepto- 
coccies dans les seiums des malades atteints de stieptocoecies diveises, Presse 
ni6d , 1909, wii, 324 

9 Soinnieifeld, P Ueber Komplenieiitablenkung bei Scbailacli Aicli f Kin- 
deih, 1909, 1, 38 

10 Swift, H F, and Thro W C A study of Streptococci vith the Coniple 
inent Fixation and Conglutination Reactions, Iiie Archiies Ixt Med 1911 
Ml 24 
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centage of scailei fevei cases, >et stieptococci may be found m from 
GO io 70 pel cent of liealtliy thioals (Ruedigei) and therefore this 
oiganism maA be peifectly liaimless in a ceitain proportion of scailet 
fe^eI patients Tins pait of the study ma}’^ be con^ideied undei tuo 
heads 

1 To appl^ the piinciples of complement fixation in the ditfeienti- 
ation of stieptococci aftei cxpeiimental immunization of animals 

2 To study scailet fevei seiums with suitable antigens in order to 
detect stieptococcus antibodies and asceitain if tliese antibodies aie 
specific 

TECnXTC 

1 Complcmcni — rie=h guinea-ing seiiim titiated foi exact strength 
One unit was u«ed in each tube 

2 ITcmoly’iw — The seiums of labbits immiini/ed to sheep coipuscles 
The hemohtic unit was detei mined each lime befoie setting up the test^ 
and was so diluted that 1 c c of the dilution contained two unit= 

8 Coipvscle Svsjirnswn — Defibi mated sheeps blood wa<5bed tbiee 
times with 0 85 pei cent =alt solution and made up to a 5 per cent 
suspension with saline 1 c c of this was u<5cd in each tube 

Jf Immune oi Nonnal Babhit Seium — The seiiim wa= heated to 
55 C foi twentvfive minutes and u=ed in incieasimr amount': 

5 Aniignm — The piepaiation of the‘:e is most iinpoitant Fiesh 
emulsions aie usualh so highly anticomplementan in compaiisoii to then 
antigenic value as to be uselecs I have used piacticalh the same method 
devised h^ Swift and Thio The seciet consists in dning the oiganisms 
at the lowest possible tempeiatuie and piefeiabh m a 'lacuuin o^er cal- 
cium chlorid 01 sulphuiic acid 

The steps in the proceduie weie as follow'; 

1 Cultuies were giown on slanted gelatin agai in laige bottles foi 
foui days 

2 Glow tbs w'eie washed off caiefulh wnth 0 So pei cent saline solu- 
tion and examined to make sure that the culture was puie 

3 The emulsion was stiained, in case fiagments of the media 
came away 

4 The emul'iions weie throwm down in a high speed electiic 
centrifuge 

5 The bacteiia in the bottom of the centrifuge tube weie dried in 
a cold room ovei calcium chlorid 

6 Tubes weie plugged and pai affined and put away in the refriger- 
atoi until all serums were in readiness for the fixation tests 

7 The dried organisms were ground in a mortar with 0 85 pei cent 
saline solution containing 0 5 per cent phenol in the proportion of about 
0 05 gm to 1 c c of the saline 
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8 Tlie emulsions were shaken with glass beads for forty-eight hours 
and then centrifuged to clearness. The supernatant fluid was stored in 
stained glass bottles in the refrigerator. Such antigens were found to 
keep about one week The dried organisms may be kept for months and 
the antigen made up as needed. 

Complement, antigen and serum were mixed and the total quantity 
brought up to 5 e c by the addition of 0 85 per cent, salt solution Tubes 
were incubated at 37 C for one hour and then two units of hemolysin 
and Ice of the 5 per cent suspension of corpuscles added. Tubes were 
incubated for two hours and then placed in the refrigerator for tweniy- 
three hours, when results were noted. 

The exact anticomplementary and fixing strengths of the antigens 
were determined in the manner shown in Table 1. 


Table 1 — Deteemination oe ANTicoMPLEMENTAEr and Fixing Power of the 

Different Streptococcus Antigens 


anticomplementaet power — 


Amt of Amt of 

Antigen 

Antigen 

Antigen 

Antigen 

Antig( 

Seium, Antigen, 

1 

2 

' 3 

4 

5 

c c 

c c 

06 

CH^ 

CH 

CH 

CH 

CH 


08 

CH 

CH 

CH 

CH 

CH 


1 

CH 

CH 

CH 

CH 

CH 


15 

CH 

CH 

CH 

CH 

CH 


18 

CH 

CH 

SIH 

CH 

SIH 


2 

SIH 

SIH 

MIH 

SIH 

MIH 


3 

MIH 

MIH 

CIH 

MIH 

CIH 

FIXING POWER — 

Immune Serum 

2 

06 

SIH 

CH 

SIH 

CH 

CH 

2 

08 

MIH 

SIH 

SIH 

CH 

SIH 

2 

09 

IH 

MIH 

MIH 

CH 

MIH 

2 

1 

IH 

MIH 

MIH 

SIH 

IH 

2 

12 

IH 

IH 

IH 

SIH 

IH 

2 

15 

IH 

IH 

IH 

MIH 

IH 

2 

2 

IH 

IH 

IH 

MIH 

IH 

Normal Seium 

2 

06 

CH 

CH 

CH 

CH 

CH 

2 

08 

CH 

CH 

CH 

CH 

OH 

2 

09 

CH 

CH 

CH 

CH 

CH 

2 

1 

CH 

CH 

CH 

CH 

CH 

2 

12 

CH 

CH 

CH 

CH 

CH 

2 

15 

CH 

CH 

SIH 

CH 

CH 

2 

2 

SIH 

SIH 

IH 

SIH 

MIH 


*CH indicates complete hemolysis, SIH slight inhibition of hemolysis, 
MIH maiked inhibition of hemolysis, IH complete inhibition of hemolysis 


It u ill be noted that the immune body content was fairly pronounced 
in all seiums except from Eabbit 4, m which it was rather low Having 
detei mined the anticomplementary and antigenic umts of each antigen 
and the amount of antibody in each immune serum we were ready for the 
most important step of all, to determine if the antibody is specific for the 
streptococcus used in produemg it To determine this, it was necessary 
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to try out each immune serum with each antigen separately and note the 
results, as shown in Tables 3, 3, 4, 5 and 6 


Tabm: 2 — Fixing Powrn or Snnuai 1 


Amt of 

Antigen 

Strepto- 

Strepto- 

Strepto- 

Strepto- 

Strepto 

Serum, 

c c 

coccus 

coccus 

coccus 

coccus 

coccus 

c c 


1 

2 

3 

4 

5 

05 

01 

SIH 

SIH 

CH 

CH 

CH 

08 

0 1 

MIH 

SIH 

CH 

CH 

CH 

01 

01 

IH 

MIH 

CH 

CH 

SIH 

0 15 

0 1 

IH 

IH 

SIH 

SIH 

SIH 

02 

0 1 

IH 

IH 

SIH 

MIH 

MIH 


It will be noted (Table 3) that complement fixation is most maiked 
with the scarlet fever stieptococcus antigens 1 and 3 


Table 3 — Fixing Power or Sereji 2 


Amt of 

Antigen 

Strepto- 

Strepto- 

Strepto- 

Sti cpto- 

Strepto- 

Serum, 

c c 

coccus 

coccus 

coccus 

coccus 

coccus 

c c 


1 

2 

3 

4 

5 

05 

0 1 

SIH 

SIH 

CH 

CH 

CH 

08 

0 1 

SIH 

SIH 

CH 

CH 

CH 

0 1 

0 1 

MIH 

MIH 

CH 

CH 

CH 

015 

0 1 

MIH 

MIH 

SIH 

CH 

SIH 

02 

01 

IH 

IH 

MIH 

SIH 

SIH 


Table 3 shows agam that complement fixation is most marked with the 
scarlet fever streptococcus cultures It is important to note in these tables 
that the tendency to specificit}' of serums and antigens is noted only in 
the higher dilutions of serum 


Table 4 — Fixing Poveb or Sebum 3 


Amt of 
Serum, 
c c 
05 
08 
0 11 
0 15 
02 


Antigen 
c c 

0 1 
0 1 
0 1 
0 1 
01 


Strepto- 

coccus 

1 

SIH 

MIH 

IH 

IH 

IH 


Strepto- 

coccus 

2 

SIH 

MIH 

IH 

IH 

IH 


Strepto- 

coccus 

3 

SIH 

MIH 

IH 

IH 

IH 


Strepto- 

coccus 

4 

CH 

CH 

SIH 

MIH 

IH 


Sti-epto 

coccus 

5 

CH 

CH 

CH 

SIH 

MIH 


It wiU be noted that the fizmg power of Serum 3 (Table 4) with its 
own antigen (3) was no greater than with Antigens 1 and 3 In this 
respect it did not show any specific action although with Antigens 4 and 5 
fix:ation resulted only with lower dilution of serum 


Amt of 
Serum, 
c c 
05 
08 
ai 
0 15 
02 


Table 5 — ^Fixing Poweb 


Antigen 

Strepto- 

Strepto- 

c c 

coccus 

coccus 


1 

2 

01 

CH 

CH 

0 1 

CH 

CH 

0 1 

CH 

CH 

01 

CH 

CH 

01 

SIH 

SIH 


OF Sebum 4 


Strepto- 

Strepto- 

Strepto- 

coccus 

coccus 

coccus 

3 

4 

5 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

SIH 

CH 

SIH 

MIH 

CH 
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The antibody content of Sernm 4 (Table 5) was quite low, so that 
fixation occurred only in low dilution It proved, however, to be slightly 
specific in nature 


Table 6 — Fixing Power of Sebum 5 


Amt of 
Serum, 
c c 
05 
08 
01 
0 15 
02 


Antigen 
c c 

0 1 
01 
0 1 
0 1 
0 1 


Strepto- 

coccus 

1 

CH 

CH 

SIH 

SIH 

MIH 


Strepto- 

coccus 

2 

CH 

CH 

SIH 

SIH 

MIH 


Strepto- 

coccus 

3 

CH 

CH 

CH 

SIH 

SIH 


Strepto- 

coccus 

4 

CH 

CH 

CH 

CH 

SIH 


Strepto- 

coccus 

5 

CH 

SIH 

MIH 

IH 

IH 


The immune body in Serum 5 (Table 6) showed its specific character 
in the higher dilutions of serum 

Of interest here is the complement fixation reactions with polyvalent 
streptococcus serum (Table 7) sent me by Dr A P Hitchens, director 
of the Mulford Biological Laboratories The horse, Ho 349, had been 
immunized by subcutaneous injections of streptococci from various 
sources, including scarlet fever streptococci which I sent to Dr Hitchens 


Table 7 — Fixing Power of Polyvalent Serum 


Amt of 

Antigen 

Strepto- 

Strepto- 

Strepto- 

Strepto- 

Strepto- 

Serum, 

c c 

coccus 

coccus 

coccus 

coccus 

coccus 

c c 


1 

2 

3 

4 

5 

05 

0 1 

CH 

CH 

SIH 

CH 

MIH 

08 

0 1 

CH 

CH 

IH 

CH 

IH 

01 

0 1 

SIH 

SIH 

IH 

CH 

IH 

015 

01 

SIH 

SIH 

IH 

SIH 

IH ' 

02 

01 

SIH 

SIH 

IH 

MIH 

IH 

It will 

be noted 

in Table 

7 that 

fixation 

IS best marked with 


Streptococcus 5, isolated from a case of streptococcic tonsillitis, then 
with Streptococcus 3, a culture sent me by Dr Hitchens The serum 
also contamed antibodies for scarlet fevei streptococci as demonstrated 
by the reactions with 1 and 2 This would tend to show that each 
streptococcus produced its own antibody. 


COlklPLEMENT EIXATIOH WITH SOAELET EEVEE SEETJIIS 
Serums from 107 patients with scarlet fever were examined and these 
cases may be analyzed as follows 

Scarlet fever simplex 104 cases 

Scarlet fever malignant 3 cases 

During the first week or ten daj^s of scarlet fever, the rash is present 
and begins to fade , durmg the second week desquamation is usually well 
niarked and is completed by the sixth or seventh week Serum from these 
patients was secured at the following periods of the disease • 
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Week of 

Cases 

Disease 


First 

38 

Second 

31 

Second to tbiid 

12 

Third to fourth 

13 


Week of Cases 

Disease 

Pouitli lo fifth 6 

Fifth to sixth 4 

Sixth lo eighth 3 


All of these seiums ^^ele examined with an antigen of Strepto- 
coccus 1 The technic was the same as that alieady given, onl}’^ emphasis 
IS again laid on the importance of aceuiate titration of complement and 
amboceptor 

Eesults Seiums from twelve cases, or 11 2 pei cent , yielded positive 
1 eactions as follows 


Week of 

Disease 

First 

Second 

Third 


No 

Week of 

No 

Positive 

Disease 

Positll c 

4 

Fourth 

2 

2 

Sixtli lo seventh 

2 

2 




_ Eight of these positive seiums jielded negative reactions with the 
regulai Wasseimann system of luetic livci antigen Six of the above 
positive seiums weie tiied out vith the othei thiee streptococcus antigens^ 
yielding negative lesults with the higher dilutions of serum 

Of interest heie is the work of Much and Eichelberg,^^ vho applied 
the complement fixation leaction to scarlet fever serums with antigen of 
luetic livei, not with the puipose of studying the 1137)01116^03! immune 
bodies of scailet fevei, but to asceitam if the antigen used in the diagnosis 
of syphilis V ould unite with something in the seium, deviate complement, 
and thus lender the seiodiagnosis of S3"philis less reliable Their report 
stimulated considerable woik uitli widely ditfeient results In June, 
1911 , I leported^- the lesuli of the study with the Wasseimann and 
ISToguehi systems of 250 cases of scarlet fevei in all stages of the disease 
with unifoimly negative results A large number of these same seiums 
were used in this streptococcus work 


CONCLUSIONS 

T believe that the following deductions are correct 
1 A streptococcus produces a specific antibod}'- up to a ceitain limit 
The specific nature of these antibodies is seen b}’' complement fixation 
reactions in high dilutions between a streptococcus immune seium and its 
antigen With low dilutions, however, the specific nature of the antibody 
IS not brought out 

11 Muck and Bickelberg Die Komplemeiitbindung nut wassengen Luesextrakt 
bei nicbtsypbihtiscben Kranklieiten, Med klin , 1908, iv, 671 

12 Kolmei, J A Complement Deviation in Scarlet Fever with Comparative 
Studies of the Wassermann and Nogucbi Systems, Jour Evper Med, 1911, 
XIV, 235 
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2 Not only do scarlet fever streptococci tend to piodnce their own 
specific imninne seinni; bnt likewise streptococci cansing septicemia and 
those causing non-scailatinal angina^ etc^ tend to piodnce their own 
immune serums Therefore it does not seem any more justifiable to 
claim a specific stieptococeus for scarlet fever than it does to make 
such a claim for a specific streptococcus causing septicemia and other 
conditions 

3 Tindmg but 11 2 per cent positive reactions in scarlet fever tends 
to show that streptococcus infection in scarlet fever severe enough to 
pioduce immune bddies is not so common as is generally believed One 
of the three toxic or malignant cases yielded a positive reaction These 
severe cases are frequently due to an overwhelming effect of the true 
scarlet fever virus, whatever that may be, without secondary stieptococeus 
infection 

OPSONINS 

Since it has been piactieally proved that a stieptococeus is not the 
cause of scarlet fever it is difficult to understand how immunization with 
stieptococci can prevent that disease We can understand, however, that 
such immunization may be of value in preventing or mitigating secondary 
streptococcic infections which are present m at least 11 per cent of scarlet 
fever patients and responsible for severe primary lesions and complica- 
tions Likewise, it is probable that such protection would result by an 
increase in opsonins against streptococci The question of method, how- 
ever, relative to production of opsonin is very important, and accordingly 
this study had two mam objects in view 

1 To asceitain if the streptococco-opsonic index can be laised by the 
injection of heat-killed stieptococci Since the Eussian physicians advise 
two or three doses of vaccine as a prophylactic, my special object was to 
determine if this number of injections was sufficient to raise the opsonic 
index 

2 To ascertain whether the opsonins produced by the different stiains 
of streptococci were specific in nature 

The opsonic index of normal serum is low for streptococci from all 
sources Bordet, in a study of antistreptococcic serum, says that he 
believes that streptococci exert a negative chemotactic influence and that 
the administration of the serum removes this influence and stimulates 
phagocytosis Banks^® and Tunnicliff^^ have shown that early in scarlet 
fever the streptococco-opsonic index is usually below normal, that it rises 
rather sharplv with the decline of fever and amelioration of symiptoms 
and then slowly falls to normal dm mg convalescence If the injection of 

13 Banks Varialions in Scarlet Feier of the Opsonic Power of Streptococci, 
Jonr Path and Bacteriol 1907 xii 113 

14 Innnicliil B The Streptococco Opsonic Index in Scarlatina, Jour Infect 
1997 IV 304 
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stieptococcus vaccme can prevent streptococcus infection, then it seems 
reasonable to suppose that it does so by increasing the quantity of 
opsonins against streptococci and that this could be demonstrated experi- 
mentall}’’ Simonds^® was able to raise the streptococco-opsomc index of 
labbits by injecting heat-killed streptococci. Weaver and Tunmcliff were 
not able to do this with heat-killed organisms but were successful after 
injecting emulsions killed in 25 per cent solution of galactose In the 
Russian method of preventive inoculation the vaccines are lolled by heat 
and if it IS true that vaccines do not increase opsonms it is difficult to 
understand how protection is brought about 

TEOnxIO AND EESULTS 

The same cultures and immune serums were used as in the 
complement fixation tests Cultures showing a tendency to grow in the 
conglomerate masses in bouillon were tiained to grow diffusely by daily 
subcultures in glucose -{-0 5 bouillon The emulsions were thoroughly 
broken up v ith glass beads prior to use in opsonin work 

The four rabbits were bled from the ear one week after the tliiid 
injection of stieptococci and the opsonic indices shown in Table 8 obtained 

Table 8 — Opsomc Ikdices Atter Three Injections of Streptococci 


Immune 

Strepto- 

Strepto- 

Strepto- 

Strepto- 

Serum 

coccus 2 

coccus 3 

coccus 4 

coccus 5 

Rabbit 2 

09 

OG 

06 

07 

Rabbit 3 

05 

1 0 

06 

08 

Rabbit 4 

02 

03 

1 1 

03 

Rabbit 5 

0 65 

OG 

05 

09 


It will be noticed by Table 8 that the quantify of opsomn is slightly 
raised in 3 and 4 The next table (Table 9) is composed of the strepto- 
coceo-opsonic indices after six injections, tha horse havmg been bled 
fieely from the jugular vem and the rabbits killed These examinations 
were made within tliirty-six hours after bleeding and repeated at the end 
of seventy-two hours 


Table 9 — Opsonic Indices 

After Six Injections 

OF Streptococci 

Immune 

Strepto- 

Strepto- 

Strepto- 

Strepto- 

Strepto- 

Serum 

coccus 1 

coccus 2 

coccus 3 

coccus 4 

coccus 5 

Horse Serum 1 

32 

32 

1 1 

10 

1 1 

Rabbit 2 

12 

12 

06 

08 

09 

Rabbit 3 

oe 

06 

16 

08 

0 9 

Rabbit 4 

02 

02 

0 37 

14 

0 32 

Rabbit 5 

08 

08 

0 85 

07 

1 7 

Polyvalent Serum 

28 

28 

33 

41 

3 6 

It uill be noted 

(Table 9) 

that the 

horse serum 

contams the largest 

quantity of opsonin 

This serum also gave beautiful complement fixation 


IS Simonds, J P The Effect of the Injection of Killed Streptococci on the 
Stieptococco Opsonic Index; of Normal Rabbits, Jour Infect Dis , 1907, iv, 595 



JOHN ALBERT KOLMEB 


231 


reactions and lias proved distinctly curative in severe cases of scarlet 
fever treated in the wards of the Philadelphia Hospital for Contagions 
Diseases The quantity of opsonin has been increased in all animals by 
the additional three doses of streptococci The polyvalent serum, the 
same as used in the complement fixation tests, shows a high opsonin 
content for all strains of streptococci, especially the non-scarlatmal strains. 

COITCLUSIONS 

1 It IS possible to raise the streptococco-opsonic index by the injection 
of organisms killed by an exposure to 60 C for one hour This mcrease 
IS very slight with three or less admmistrations and becomes apparent 
only after a relatively large number of infections 

2 The increase in the quantity of opsonin after three infections is 
so slight as to make the likelihood of establishing an immunity against 
streptococcic infection very dubious 

3 The opsonins were more or less specific toward the strains used 
in the process of immunization 

AGGLUTININS 

streptococci stimulate the production of agglutinins but the quantity 
produced varies within wide limits Investigation tends to show that 
such agglutinins are not specific in character and for this reason aggluti- 
nation reactions are of little value in the study of streptococcus infections 
The reports of investigations, however, are far from agreeing on this 
point and since I worked on this problem with much mterest I thought 
it would not be amiss to record my results 

The first studies in agglutination of streptococci by immune serums 
were made, according to Weaver,^® by Van de Velde, who found anti- 
streptococcus serum to have weak agglutinating power over homologous 
streptococci but none over other strains Moser and von Pirquet, Meyer, 
Wlassfenski and Salve found agglutinins present in immune serums and 
considered them more or less specific in nature Krauss and Aronson 
secured negative results The work of the latter needs special mention 
because of its more thorough character He immunized horses with cul- 
tures of streptococci from scarlet fever, rheumatism and otitis media and 
aftei careful agglutination tests with the immune serums insists that in 
no case is one able to differentiate streptococci by the most careful work 
Weaver also made an excellent report on the agglutmation of streptococci 
Cultures from various sources, including scarlet fever, phlegmon, puer- 
peral sepsis, endocarditis, etc , were used Serums from various diseases 
weie tested It was found that scarlet fever streptococci were agglutinated 

1C Weaver Agglutination of Streptococci, Especially Tliose Cultured from 
Ca'^es of Scarlatina, by Human Sera, Jour Infect Dis , 1904, i, 91 
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by the seiums fiom pneumonia, eiysipelas, typlioid fevei and pueiperal 
sepsis and that agglutination between scarlet fever streptococci and scarlet 
fever serum is m no way specific and cannot be of any value in diagnosis 
In my investigation I used tbe same five immune serums as weie used 
in the complement fixation and opsonin work These serums uere five 
and SIX days old when the final agglutination reactions weie set up They 
were kept in a refrigerator without the addition of preservatives In 
addition to the agglutination reactions with the five immune serums, the 
serums of tlnrtj'-two scarlet fever patients were examined 

Tablc 10 — SnowixG Results or Agglutikatiox or Streptococci by 

Immune Serums 

IMMUNE SERUM 1 

Strepto- Dilutions 


coccus 

1/10 

1/15 

1/20 

1/25 1/30 

1/40 

1/100 

1/140 

1 

+ 

-f 

+ 

+ + 

+ 

+ 

— 

2 

+ 

+ 

4- 

+ 4- 


4* 

— 

3 

+ 

+ 

+ 

4- 4- 

— 

— 

— 

4 

+ 

+ 

+ 

— — 

— 

— 

— 

5 

+ 

+ 

+ 

IMMUXr 

4- 4- 

SFRUM 2 




1 

+ 

+ 

+ 

— — 

— 

— 

— 

2 

+ 

4* 

4- 

— — 

— 

— 

— 

3 

+ 

+ 

— 

— — 

— 

— 

— 

4 

+ 

+ 


4- — 

— 

— 

— 

5 

+ 

+ 

+ — ~ 
IMMUNE SCRUM 3 




1 

+ 

+ 

+ 

— — 

— 

— 

— 

2 

+ 

+ 

4" 

— — 

— 

— 

— 

3 

+ 

4~ 

+ 

4- 4* 

— 

— 

— 

4 

+ 

+ 

— 

— — 

— 

— 

— 

5 

+ 

+ 

+ 

IJIMUNE 

SERrai 4 




1 

— 

— 

— 

— — 

— 

— 


2 

— 

— 

— 

— — 

— 

— 


3 




— 

— — 

— 

— 


4 

+ 

+ 

+ 

— — 

— 

— 


5 



IMMUNE 

SERUM 5 




1 

+ 

+ 

— 

— — 

— 

— 


2 

+ 

4 " 

— 



— 

—— 


3 

+ 

+ 

+ 

4- — 

— 



4 

+ 

— 

— 

— — 




5 

+ 

+ 

+ + — 

polyvaient serum 




1 

+ 

+ 

+ 

4- — 

— 

— 


2 

+ 

+ 

+ 

4 - — 

— 

— 
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+ 

+ 

+ 

4 - 4- 

+ 

— 


4 

+ 

4 " 

— 

4~ 

■■ ■■ “■ 



5 

+ 

+ 

4~ 





TECHNIC AND UESHDTS 

Cultures of streptococci were subcultured daily m glucose bouillon 
-|- 0 5 phenolphthalein until they grew diffusely The macroscopic technic 
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was used througiioiit Dilutions from 1 to 10 up were employed The 
tubes were kept m the incubator at 36 0 for two houis and exammed 
with the aid of a magnifying glass Dinal readings were made at the 
end of twenty-four hours 

Table 10 gives in detail the results of these agglutination tests with 
the various immune serums and different cultures of streptococci 

Examination of Table 10 shows (1) The quantity of agglutinin 
produced was in most instances small in amount The highest values 
were found with the horse serum, a result of prolonged immunization 
with dead, attenuated and finally living cultures (2) The reactions were 
inconstant and quite variable (3) Agglutinins for streptococci are not 
specific and hence of no value in the differentiation of streptococci 

STREPTOCOCCUS AGGLUTININS IN SCARLET FEVER 

Serums from the thirty-two patients examined may be classified as 
follows • 

Scarlet fever simplex 
Scarlet fever malignant 

These eases included all stages of the disease 

Eesults Agglutination of scarlet fever streptococci occur led with 
four serums in dilutions up to l-to-40 All of the remaining seiums 
J'lelded absolutely negative results The four positive serums also agglu- 
tinated the other streptococci, but in lower and various dilutions In no 
case was a high degree of agglutination demonstrable 

CONCLUSIONS 

1 Streptococcus agglutinins are pioduced slowly by expeiimental 
immunization and the quantity is quite variable 

2 These agglutinins are apparently non-specific in character and of 
no value in differentiating streptococci 

3 They were demonstrated in 13 5 per cent of scarlet fevei patients 
but only in comparatively low dilutions of serum 

4 There was no relation between agglutination and complement fixa- 
tion antibodies or between agglutinins and opsonins 

THE RELATION OF STREPTOCOCCI TO SCARLET FEVER 

A great deal has been written under this heading In the first place 
I agiee with those who claim that streptococci found in scarlet fever 
]iatients, whether in the throat, in suppurative lesions, or in the blood, 
cannot be diffeientiated from streptococci found normally in the throat 
or in septic conditions by morphological or cultural characteristics Ere- 
quently cultures from scarlet fever cases are apparently different, but 
these differences have been temporal} and easily broken up "Wliile com- 


31 cases 
1 case 
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plement fixation tests have shown a specific antibody for scarlet fever 
streptococci, this is tiue only in high dilutions of serum And further, 
the same specific relation is readily demonstrated between streptococci 
causing septicemia and stieptococci causmg non-scarlatmal sore throat, 
etc, and then immune seiums Hence, if we are to claim a specific 
streptococcus foi scarlet fever a similar claim may be made for every 
other streptococcus infection and thus to claim a specific streptococcus 
for endocarditis and another for puerperal sepsis, etc., seems to be out 
of the question It is true that streptococci are found in a goodly per- 
centage of scailet fevei cases We are confident, however, that many 
so-called streptococcus anginas would be found on closer ex-amination to 
be pneumococcic My peicentage of stieptococcus blood infections in 
scarlet fever is somewhat lower than that obtained by others One fact 
IS certain not all severe, septic and fatal cases of scarlet fever are 
due to streptococci Antistieptococcus serum, the same horse serum 
(Serum 1) as used in these experiments, has given good results in certam 
instances Patients extremely sick uith tlie tiue toxemia of scarlet fever 
are not benefited bj' it at all Opsonins have been found somewhat specific 
for the particular culture responsible for their formation but I am not 
yet prepared to conclude from this that a certain stram of streptococcus 
causes this condition and another that condition I believe that the true 
scarlet fever poison lowers the resistance of the patient to streptococcus 
infection and this is substantiated by notmg the low streptococco-opsonic 
indices during the first week of scarlet fever How this is brought about 
IS impossible as yet to explain A similar relation may be noted by the 
tendency of the diphtheria patient to contract scarlet fever We believe 
that the streptococcus found in scarlet fever belongs to the general class 
of streptococci and is modified in some way durmg the course of the 
infection so as to give it a somewhat specific antibody and occasionally 
temporary cultural characteristics The same is true of streptococci 
causing septicemia and simple sore throat How these changes are 
brought about constitutes an interesting field for further investigation 

STREPTOCOCCUS IMMUNIZATIOlSr 

The reports of Eussian physicians concerning the efficacy of injections 
of streptococcus vaccine as a preventive of scarlet fever are on the whole 
quite convincing But the disease is so protean in character, is dissemi- 
nated so frequently in such an inexplicable and confusing manner, so 
little IS really understood concerning the infection, that one must review 
these enthusiastic reports with healthy skepticism I immunized 350 
persons^'^ according to the Eussian method and while that number is far 

17 Kolmer, J A The Eelation of Streptococci to Scarlet Fever with Active 
Immunization hy Means of Streptococcus Bacterins, Pennsylvania Med Jour, 
1912, XV, Xo 5 
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too small to base an opinion on, yet it was observed that tbe method was 
without appaient value. Since experimental work does not, in my 
opinion, establish the identity of a specific streptococcus in scarlet fevei, 
and fiom the fact that streptococci are found only in a proportion of 
scarlet fever cases and in many of these is apparently harmless, and since 
expeiimental work does not show an increase in opsonin after at least 
three injections of streptococcus vaccine sufficient to establish a good 
degree of immunitj’^, I do not believe that streptococcus immunization 
pi events scarlet fever, although it is possible that it may prevent or miti- 
gate the severity of secondary streptococcus infections 
Second and Luzerne Streets 



OSSEO-ALBUMOID AS A POSSIBLE PRECUKSOE OE BEUCE 

JOEES PEOTEIE" 

AN" USPERISIENTAL STUDY " 

JACOB EOSENBLOOM, :MD 
lonK 

1 INTRODUCTION 

This study is a continuation of the piehminai}’’ uork b} Ottenberg 
and Gies/ ivlio found in this laboiatoiy that ciude elastose after its sub- 
cutaneous or intiaperitoneal iniection can leadih be detected m the urine 
by the heat piecipitation test Since the Bence Jones protein has various 
piopeities in common ivith elastoses, Otienbeig and Gies suggested that 
osseo-albumoid (bone elastin^>) might be the foieiunnei of the Bence 
Jones protein which appears in the urine of people with multiple mye- 
loma of the bones 

The basis of the expeiimental voik desciibed in this papei is the 
assumption that osseo-albumoid of the bone might be so modified by 
enzjanes in the cells of myelomatous growths as to give use to substances 
having the properties of Bence Jones protein 

3 FXFDRIAIFNTS 

At the outset of this study it was necessary to asceitam whether osseo- 
albumoid IS digestible, i e, whether proteases conveit it into familiar 
tj^pes of hydration products Further, it was necessary to determine 
whether any osseo-albumoses that might thus be pioduced would behave 
like elastoses when their aqueous solutions are heated In all of these 
experiments the osseo-albumoid employed was made by the Hawk and 
Gies method ^ Some of the preparations of osseo-albumoid, as well as 
an abundant supply of ossein, which had been preserved by Gies, were 
made available for this work 

♦From the Laboratory of Biological Clieinistry of Columbia University, College 
of Physicians and Surgeons, New York 

*A preliminary aceount of this investigation was published in Proc Am Soc 
Biol Chem , 1910, i, 227, Jour Biol Chem , 1910, vii, 14 A review of the history 
of Bence Jones protein Avas published by the author in the Biochem Bull , 1911, 

1, 161 

1 Ottenberg and Gies Proc Soc Evper Biol and Med , 1907, iv, 161 

2 Hawk and Gies Am Jour Physiol, 1902, vii, 340, also Gies and eollaboia- 
tors Biochem Eesearches, 1903, i, 181 (Reprint 6) 
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A ON THE PKEPAEATION OE DIGESTIVE PRODUCTS OP OSSEO-ALBUMOID 

Tryptic Digestion 

I A small quantity of osseo-albnmoid, wliicli had been made m a 
preliminary way/ was subjected to the action of a strong, alkaline tryptic 
solution foi twenty-four hours at 40 C The true osseo-albumoid in the 
prepaiation was completely digested by that time Proteoses were formed 
A small amount of admixed collagen remained undigested The whole 
of this collagmous residue was readily converted into gelatin 

II After five hours’ digestion of fresh osseo-albumoid^ in 80 c c of 

0 25 per cent sodium caibonate containing 0 5 gm of trypsm (Merck), 
the mixture was filtered and the filtrate saturated with ammonium sul- 
phate at the boiling temperature Duiing the digestive process samples 
of the solution weie withdrawn at intervals of forty-five minutes and 
when examined gave negative results m the heat-preeipitation test 

The ammonium sulphate precipitate was dissolved in water, dialyzed 
until flee fiom sulphate and evaporated to dr}- ness at 40 C on a water 
bath The lesidue after five hours’ digestion was subjected to the action 
of a fresh trypsin solution and allowed to digest for eighteen hours longer, 
then tieated by the piocess described above 

III A sample of the original ossein-shavmgs was subjected to the 
influences of a very active tryptic solution but the shavings were appar- 
ently unaffected The filtrate from the unchanged bone-shavings was 
tested with fibrin as to its digestive power and found to be active A 
repetition of this experiment yielded the same negative result 

Peptic Digestion 

I A small quantity of osseo-albumoid was treated with 1 liter of 0 2 
per cent hydrochloric acid containing 0 1 per cent of pepsin (P , D & Co 

1 2,000) in an incubator at 40 C Portions of the digestive fluid were 
withdrawn at intervals and heated gradually to boiling Digestion was 
staited at 2 30 p m At 5 30 p m there was still a small amount of 
material undigested and no precipitate came down on heating portions 
of the digestive fluid withdrawn at intervals of one-half hour duiing the 
digestion 

The undigested material was filtered off and the boiling filtrate 
neaily saturated vith ammonium sulphate Proteoses were separated as 
a dark scum on the surface of the solution The precipitate dissolved 
readily in warm water This solution was not precipitated by heat, even 
after dilution The solution was speedily evaporated to drymess at 40 C 
and in the dry state looked like scale gelatm 

3 Prom ossein sliiMngs prepared in 1900 and kept dry meanvihxle 

4 ^Made fiom a poition of the same ossem-sliaMngs as those used in Experi- 
ment 1 
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The incompletely saturated filtrate from the proteoses was treated 
with sufficient ammonium sulphate to effect complete saturation and a 
small amount of dark sticlcy material was precipitated, which dissolved 
readity in waim water but gave no turbidity on heatmg 

II In the preparation of osseo-albumoid the last portions of admixed 
collagen are difficult to remove In the peptic digestion of osseo-albumoid 
admixed with collagen, the latter is gelatinized and then converted into 
gelatoses and gelatin peptones It was thought that possibly such gelatin 
or its hydiation products might have been admixed with the osseo-albu- 
moses obtamed in the preceding experiments and that, by their presence, 
they might have prevented the occurrence of the elastose-like reaction on 
heating Consequently a portion of the osseo-albumoid employed in the 
precedmg digestion experiment was treated fiom time to time with 
boding water until no raoie collagen or gelatin could be present, as 
indicated by practically complete absence of protein from the washings 
The small quantity of osseo-albumoid that remained was fllteied off, 
washed with water and sub 3 ected to peptic digestion in 500 c c of 0 3 per 
cent hjdrochloric acid containing 0 25 gm of pepsin (1 4,000) and 
placed m an incubatoi at 40 C at 2 25 p m 

At 2 35 p m no precipitate appeared on heating a filtered sample of 
the digestive fluid 

At 2 50 p m a precipiiatc tuas ohiaincd on licaixng, winch almost 
completely dissolved on furthei lieahng It leappeaied on cooling and 
then was as voluminous as that obtained on the first application of heat 
The remainder of the peptic mixture, after digesting for two hours 
and ten minutes, was filtered and the hot filtrate treated with ammonium 
sulphate A flalry precipitate was produced before the solution was com- 
pletely saturated with ammonium sulphate and at a temperatuie of about 
65 C !Most of the precipitate was soluble in water The small amount 
of undigested matter which was obtained after filtering was fuither 
digested To the filtrate, after the digestion of this product foi three 
hours, was added ammonium sulphate to saturation 

The substance precipitated by ammonium sulphate had the following 
properties 

1 The reaction of its solution was acid (hydrochloric) 

2 On heating this solution a precipitate was produced which dis- 
solved on further heating and, on coohng, reappeared Heated again, 
the same reactions were obtained, but after a third heating of tins solu- 
tion, the precipitate did not entirely disappear on boiling 

3 Duphcation with another sample by the treatment ^ust described 
(2) led to immediate precipitation on heating but boiling did not entirely 
clarify the mixture On cooling, however, the precipitate was more 
marked than before 
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4 A portion of the solution was neutralized Heating failed to pro- 
duce a precipitate in it. 

5 The same negative result (4) was obtamed with the alkalized 
solution 

6 After diluting the original solution, no precipitate was formed on 
heating 

7 A bulimy white flocculent piecipitate was formed when the solution 
was added to alcohol (sulphates P) A solution of this precipitate gave 
no precipitate on heating 

The elastose-like precipitation that ensued on heating the acid solu- 
tion (2,3) led to the conclusion that possibly the result was due to a con- 
stituent of the pepsin Accordingly, a solution was made of pepsin in 
0 2 per cent hj^drocHoric acid and, on heating, a faint clouding of the 
solution took place, but without further change on boiling or on subse- 
quent cooling 

Saturation of this peptic solution with ammonium sulphate failed to 
yield an appreciable precipitate 

HI Pure osseo-albumoid was tieated with 1 liter of 0 2 pei cent 
hydrochloric acid containing 0 5 gm of pepsin (1.4,000) and placed in 
an incubator at 35 C at 11 05 a m 

At 11 45 a m most of the mateiial had disappeared into solution 
Some of the liquid was withdrawn and, on adding ammonium sulphate 
with veiy little heating, a dark substance was piecipitated, which proved 
to be insoluble in water, and was returned to the digestive mixture 

At 12 m about 15 c c of the fluid were withdrawn and filtoied The 
filtrate was saturated with ammonium sulphate in the cold A white flalcy 
material was precipitated, which was readily soluble in water but on 
heating this solution no precipitate was formed 

A sample of the pure pepsin-acid solution, which was used in the foie- 
going experiment, was saturated with ammonium sulphate A ver}’- slight 
amount of precipitate was formed which dissolved in watei but gave no 
precipitate on heating 

The remainder of the solution of the ammonium sulphate piecipitate 
was dial 3 'zed till free from sulphate and then evaporated to di 3 Tiess on a 
water bath at 40 C The dial 3 ^sate contained very little protein as was 
shown by tlie practically negative response to the biuret test 

W Osseo-albumoid was prepared as before An attempt was made to 
obtain a product at an earlier stage in the preparation process than that 
of the precedmg experiment The product was fluffy as usual and liad a 
blood-red color 

This crude osseo-albumoid was subjected to the peptic conditions of 
the previous experiment Digesbon was started at 9 45 a m 

At 10 35 and 10 50 a m , heating a portion of the filtered digestive 
liquid failed to cause turbidit 3 * in it At 11 05 a m a portion of the 
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digestive fluid was withdrawn and satuiated with ammonium sulphate 
in ill e cold A yellow sticky precipitate was formed It was completely 
soluble in uarm water ITo precipitate was foimed on heating this solu- 
tion A portion of the solution vas satuiated with ammonium sulphate 
at the boiling tempeiature A precipitate uas formed, which was soluble 
in water but gave no piecipitate on heating 

At 11 30 a m about one-eighth of the original bulk of material 
lemained undigested It was filteied oil and subjected to the action of a 
flesh pepsin-acid solution This residue did not, howevei. undergo diges- 
tion on further treatment vitli pepsin-l^diochloric acid and looked like 
hematm It was soluble m sodium carbonate, from which solution it 
could be piecipitated bj acidification Its solution gave the spectroscopic 
lines of acid hematm 

The filtrate from the undigested material was satuiated with ammo- 
nium sulphate m (he cold The precipitate had a reddish color The 
filtrate fiom this precipitate vas satuiated vith ammonium sulphate at 
the hoihng temperature Each of these precipitates ivas dissolved in 
water and portions of the solution, each made neutral, acid or alkalm, 
vere giadually heated to boiling Pieeipitation failed to occar in every 
mstance After dilution of the solutions with water no precipitation 
occurred on heating 

The remainders of the solutions of tliese precipitates weie dialyzed 
free from sulphate and speedily evaporated to drjmess on a water bath 
at 40 C The dialj sates contained little or no protein, as shown by the 
piactically negative results with the biuret test 

Y Osseo-albumoid was subjected to peptic digestion It was placed 
m an incubatoi at 9 15 a m and at 13 15, one-half of the digestive 
solution vas lemoved and precipitated by satuiation in the cold with 
ammonium sulphate, after careful neutralization with sodium hydroxid 
At the point of neutralization a voluminous piecipitate was obtained 
which was filtered off and, on testing, was found to be easily soluble in 
dilute nitric acid, and to give a yellow precipitate with ammonimum 
molybdate but no protein leactions It was thought, therefore, that this 
piecipitate consisted of phosphates that had not been removed by the acid 
treatment of the original ossein-shavmgs 

The ammonium sulphate precipitate produced by saturation at loom 
temperature was filtered off and the filtrate saturated with ammonium 
sulphate at the hoihng temperature An aqueous solution of these prod- 
ucts did not yield a heat-precipitation test 

The remainmg half of the digestive mixture, after eight and one-half 
hours’ digestion, was filtered, the filtrate neutralized, the phosphates 
filtered off and ammonium sulphate added to saturation, as in the treat- 
ment of the first half 
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A considerable amount of solid substance remained at the end of the 
digestive treatment Tins vas subjected to peptic digestion for tivent}’-- 
four hours longei (a total of thirty-two hours) and then filteied and 
tieated by the ammonium sulphate process described above 

Each of the precipitates was dissolved in watei, dial} zed till fiee fiom 
sulphate and speedily evaporated to dr} ness at 40 C 

VI Eresh ox-femurs v ere used and osseo-albumoid was isolated fi om 
the hashed ossem-shavmgs as in Experiments I to lY. 

A portion of the product was subjected to peptic digestion as in the 
previous experiments (I to IV), and after four houis’ digestion, the 
mixture was filtered and the filtrate neutralized with sodium hydroxid 
The piecipitated phospliates were lemoved by filtration and the lemaining 
solution saturated with ammonium sulphate at the boiling temperatuie 

The precipitate obtained by the saturation process was dissolved in 
vater, dialyzed fiee from sulphate and speedily evaporated to dryness 
at 40 C ovei a water bath This product when dissolved in watei did 
not give the heat-preeipitation test The residue which remained undi- 
gested after four hours was again subjected to digestion for eighteen 
hours longer, and the fluid then treated by the process deseiibed abo^e 

Summanj of Results of Piocedwe A 

1 Osseo-albumoid prepared from ossem-shavmgs made m 1900 and 
kept diy, meanwhile, yielded osseo-albumoses on tryptic digestion 

2 Ossem-shavmgs themselves were not appreciably affected by tijptic 
digestion 

3 0‘=seo-a]bumoid made from old desiccated ossem-shavmgs. when 
'subjected to peptic digestion for one-half hour, yielded a product which 
gave a sharp heat-precipitation test, that is. a precipitate came down on 
lieatmg some of the filtered digestive mixture, which precipitate dissolved 
on further heating and reappeared on cooling An aqueous solution of 
the piecipitate produced by ammonium sulphate-saturation of this di£re=t- 
l^e mixture, gave the same heat-precipitation result This lesult could 
be obtained only vhen the reaction of the heated solution vas acid 

4 The pepsin used for the digestion vas not responsible foi th]‘= 
leaction 

o After subjecting os=eo-albumoid (some of the product referied to 
aboie) to peptic digestion for one one and one-half and thiee houi = 

1 espectivelv, in no case did the filtered digestive mixture noi a 'solution 
of the ammonium sulphate-saturation precipitate from the dijreitne 
nnxtuie, give a heat-precipitation test 

G Ossco-albninoid isolated fiom fresh ossein-diaving-, aftei fom 
hours of peptic digestion did not Meld produrt= giving a heat-prccipita- 
iion test 
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7 Fiom tlie abo\e it is obvious that, with the exception of the product 
obtained at the end of one-half hour of peptic digestion of osseo-albumoid, 
none of the pioducts gave a heat-piecipitation test, theieby diffeiing from 
elastoses which liave piopeities not unlike the Bence Jones piotem in 
some respects Ilowevei, these pioducts as obtamed above, after passage 
through the body, might be so changed that, "when excreted in the uiine, 
they -would give leactions like those of the Bence Jones protein On this 
theoiy the following experiments irere tiled 

B SUBCUTANEOUS INJECTION OF PRODUCTS OF THE PEPTIC DIGESTION 

OF OSSEO-ALBUXIOID 

ExrrniJtnvT 1 — ^Thc dog in tins e-vpenment was under observation in the 
labor.iton two days preiious to the injection and during that time bis urine gave 
no precipitate on beating, but saturation with ammonium sulphate produced a 
small amount of yellowish precipitate soluble in water On heating this solution, 
no precipitate was foimed, nor did it give a reaction witli picric acid or trichlor- 
acetic acid The solution ga\e the spectroscopic picture of urobilin The urine, 
howe\oi, gaAe a marked precipitate with potassium mercuric lodid Tins piecipi- 
tate dissolved on further heating and reappeared on cooling The urine did not 
gne a precipitate with piciic acid or trichloracetic acid‘s 

Of the substance obtained by peptic digestion of ossco albumoid (A, II, 2) 

0 3895 gm was dissolved in G c c of 0 85 per cent sodium clilorid and injected 
into the loose cellular tissue of the right flank at 11 50 a m , Nov 27, 1908 

Weight of the dog, 9 G5 kilos, temperature of the dog, 1012 P Amount of 
substance injected per kilo of dog, 0 04 gm The dog showed great lassitude for 
about seven hours after the injection 

The urine was tested during a period of twenty-foui hours after the injection, 
by heating and also by addition of picric and tiichloi acetic acids, but no precipi- 
tate came down With potassium mercuric lodid all fractions gave a marked 
precipitate on heating which disappeaicd on further heating and leappeared on 
cooling The fractions w’eie obtained eight, tw-elve and tw'enty-two hours aftei 
the injection 

Tlie remainder of each fraction of urine after the above tests were made was 
saturated with ammonium sulphate at room tempeiature and the precipitate 
collected Fractions 2 and 3 gaie small amounts of proteose-like precipitates 
These precipitates were dissolved in w'ater, filtered and filtrates tested as follows 

Fraction 1 did not give a precipitate on heating but wuth picric acid gave a 
precipitate wdncli dissolved on beating and reappeaied on cooling On heating 

5 It w’as thought that the reaction wnth potassium-mercuric lodid might be 
due to the fact that the dog had a considerable amount of mucopuiulent mateiial 
in the inner canthus of both eyes and that this matei lal had gotten into the urine 
Some of this material from the eyes was obtained, made into a solution with 0 85 
per cent sodium chlorid, filtered, and on adding potassium mercuric lodid gave a 
faint precipitate, winch did not disappear on fuither heating, however As the 
solution was comparatively concentrated, it was diluted until its content of 
material was equal to about the maximum propoition that could be present in 
the urine At this dilution a marked clouding, but no precipitate, appeared in 
the test with potassium-mercuric lodid The infection of the dog’s eyes was 
removed by irrigations with boric acid, and the cage in which the dog w'as kept 
was thoroughly cleansed The urine continued to give the reaction with potas 
sium-mercuric lodid, however, after the mucopus as a factoi in its production 
was ruled out 
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Fraction 2, a cloudiness was pioduced whicF was not cleared up by continued 
beating nor by addition of acid noi by dilution With picric acid, the same leac- 
tion was obtained as with Fi action 1 Fraction 3 gave a marked turbidity on 
heating which was not clarified by continued heating, addition of acid or dilution 
Piciic acid produced a marked precipitate, which disappeared on further heating 
and leappeared on cooling With potassium mercuric lodid all the fi actions gave 
a precipitate on heating which did not clarify on continued heating 

The filtrates from the precipitates obtained by saturation with ammonium 
sulphate at room temperature were further saturated with ammonium sulphate 
at the boiling temperature The precipitates were collected, dissolved in watei 
and filteied On heating these solutions no precipitation occurred The addition 
of picric and trichloracetic acids was also without precipitative effects, but potas- 
sium mercuric lodid produced a piecipitation on heating which disappeaied on 

fuithei heating and reappeared on cooling 

<> 

Experiment 2 — The subject of the pieceding expeiiment received another 
subcutaneous injection of 1,146 gm of osseo-alHumoid (A II, 3) The amount of 
injected substance pei kilo of the dog’s body- weight was 0 1187 gm The dose 
was dissolved in 8 c c of 0 85 per cent sodium chlorid This was injected at 
12 05 p m, Nov 28, 1908 The dog’s temperature was 1013 F No untowaid 
symptoms developed The fractions of urine for forty-eight hours following the 
injection did not give any precipitate on heating, but with picric and trichlor- 
acetic acid precipitates came down which disappeared on heating and leappeaied 
on cooling With potassium mercuric lodid all fractions gave a marked precipi- 
tate on heating which disappeaied on further heating and reappeared on cooling 
The fi actions were obtained eight, twenty-one and foity-six hours after the 
injection 

The fractions of urine from this dog were saturated with ammonium sulphate 
at 1 oom temperature and a considerable amount of proteose-like material was col- 
lected from each This was filtered off and each filtrate saturated with ammo- 
nium sulphate at the toiling temperature, yielding a very small amount of precipi- 
tate The piecipitates were dissolved in water, filtered and the solution tested as 
follows On heating in all cases a cloudiness developed which disappeared 
almost completely on continued heating and was lestored on cooling Picric 
acid in all cases produced a marked precipitate which dissolved on continued 
heating and returned on cooling Trichloracetic acid produced a cloudiness which 
cleaied up on heating and returned on cooling 

Solutions of these precipitates of Fi actions 1 and 2 were dialyzed free from 
sulphate and poured into alcohol A considerable amount of white, flaky precipi- 
tate came down This precipitate, after standing undei alcohol for two months, 
became quite insoluble Sulphate was present, for the water with which the 
piecipitate was washed gave a good reaction with barium chlorid The wash- 
ings gave negative results with the Millon and the xanthoproteic tests but the 
insoluble precipitate gave reactions with both The washings, however, gave a 
biuret test, which may have been due to the presence of urobilin (Salkowski)® 
or to a small amount of the precipitate that was soluble in the water No 
precipitate appeared on heating the washings from the insoluble precipitate 

The results of these experiments (1-2) indicate that the ammonium 
sulphate precipitate from the urine contained the substance injected into 
the dog and that this substance was lendered insoluble when precipitated 
by means of alcohol from its aqueous solution One of the reasons for 
supposing that the Bence Jones protein more nearly resembles the ^^pri- 


6 Salkowski Berl khn Wchnschr, 1897, xxxiv, 353 
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inai}^ piotenis'" tlian tlie “secondary piotein deij\atives’' is the fact that 
the albumins and globulins are lendeied insoluble on standing under 
alcohol while the pioteoses and peptones are not The lesult lefeiied to 
above seems to indicate that the substance recoieied from tlie uiine in 
this expeiinient is closely related in its propeities to the Bence Jones 
protein, foi Simon" and otheis have shown that the Bence Jones protein 
IS rendeied insoluble in natei aftci it has been piecipitated In alcohol 
and allowed to stand in the leasfent 

Since the animal vas a male, it vas thought that peihaps the leaction 
pioduced in the mine by potassium meienric lodid vas due to the pie=Gnce 
of speimatic fluid, a possibility suggested by a point to vhich Bence 
Jones® diew attention in Ins oiiginal papei He says “A simihi body 
to Bence Jones piotein may be detected in pus and in the secietion fiom 
the seminal vesicles ’’ This reaction was obtained, however, in the ui ines 
fioin three bitches and ten othei dogs, even aftei catlieteii/ation 

Expcrijient 3 — At 11 30 n m , Dec 24, 1008, 0 7801 gm of substance (A, 
II, 4) dissolved in 8 cc of 0 85 per cent sodium chlond was injected subcu- 
taneously into a bitch The weight of the animal was 7 1 kilos The amount of 
substance poi kilo was 0 1099 gm The dog showed no abnormal sjmptoms 

The urine W’as subjected to the usual treatment The solution of the ammo 
mum sulphate precipitate from Fraction 1 was dialjred until fiee fiom sulphate 
At tins point a small amount of precipitate was obtained when the solution was 
added to alcohol 

Neither tlie urine nor the solutions of the ammonium sulphate precipitates 
gave a precipitate on heating Picric acid produced a slight precipitate which dis- 
solved on heating and reappeared on cooling Trichloracetic acid caused an 
opalescence w'hicli clarified on heating and reappeared on cooling With potassium 
mercuric lodid a precipitate was obtained on heating wdiich disappeared on con- 
tinued heating and leappeared on cooling The fractions were obtained twenty- 
tw’o, forty-five, sixty-seven and ninety-one bouis aftci the injection 

C SUBCUTANEOUS INJECTION OF PRODUCTS OF THE TRYPTIC DIGES- 
TION OF OSSEO-ALBUMOID 

Onlv one experiment was conducted m this particulai connection 
The urine of the dog before injection gave no precipitate on heating nor 
on the addition of pienc acid or trichloracetic acid 

The urine was saturated wutli aininonium sulphate at the boiling 
temperature, and a dark granular precipitate obtained, which w’^as slightl}^ 
soluble in water yielding a jellow colored solution This j^ellow solution 
gave negative results in all the protein coloi-tests except the biaiet, thus 
proving the presence of urobilin The solution failed to give a jnotein 
reaction with picric acid or tiichloracetic acid 

7 Simon Am Jour Med Sc , 1902, exxiii, 939 

8 Bence Jones Phil Tr Roy Soe Bond 1848 i 55, Proc Roj Soc Lond 
1843-50, V, 673 
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The insoluble mattei gave no protein color-tests and was soluble m 
acid, depositing crystals of uric acid from an acid solution on evaporation. 

Of the product obtained from the digestion filtrate by saturation with 
ammonimum sulphate (A, 1, 2 ), 0 9145 gm was dissolved in 11 ce of 
0 85 per cent sodium chlorid This was injected subcutaneously into a 
dog at 10 45 a m , March 5, 1909 

The weight of the dog was 7 kilos; the amount of the substance 
injected per kilo of the dog’s weight was 0 1306 gm ISTo unfavorable 
effects were noted 

After the injection the urinaiy fi actions did not give a precipitate on 
heating but the first fraction of urine gave a faint precipitate with picric 
acid and tiichloraeetic acid, which disappeared on heating and returned 
on cooling With potassium mercuric lodid a precipitate was obtained 
which did not dissolve completely on heating, but was restored on 
cooling The fractions were obtained twenty-nine, forty-eight, seventy- 
two and 120 houis after the injection 

The fractions of urine from this dog were satuiated with ammonium 
sulphate at the boiling temperature All the fiactions, except ISTo 1, 
juelded a considerable amount of pioteose-like precipitate, especially 
Fi action 3 The precipitates produced in the fractions were dissolved 
in water and all fractions except No 1 gave a marked cloudiness on 
heating and in the case of Fi action 2, a precipitate formed which dis- 
solved completely on continued heating and returned on cooling This 
fi action also gave marked precipitates with picric acid, trichloracetic acid 
and potassium mercuric lodid, which disappeared on heating and returned 
on cooling These precipitates, when filtered off, gave positive reactions 
with Millon reagent 

The small amounts of ammonium sulphate precipitates obtained from 
the above fiactions that were insoluble in water did not give any protein 
reactions, and were almost completely soluble in hydrochloric acid, from 
which solutions crystals of uiic acid weie obtained on evaporation 

The above data show that the injected material was excreted in the 
urine in considerable amounts While it did not yield the heat-precipita- 
tion test in the urine, it did give a strong reaction in an aqueous solution 
of the ammonium sulphate precipitate from the urine 

Of course these urines contain much less of the injected material 
corresponding to the Bence Jones substance than is present in cases of 
^^myelopathic albumosuria ” Coiiat,’’ Hutchinson,^” EosinJ^ Simon,^- 

9 Coiiat Am Joui Med Sc , 1903, cxxvi, 631 

10 Hutchison Am Jour Med Sc , 1903, cxxv, 644 

11 Rosin Allg med Centr -Zeit , 1897, Ixvi, 1132, Berl klin Wclinsclii , 
1897, xxxiv, 1044 

12 Simon Am Jour Med Sc , 1902, cxxiii, 939 
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Sussman,'^ Matlhe^^' Ifostoski,” Eibbmilc/*’ Huppert/" and Magnus- 
Lev3,’® have stated that in tlieir cases, although the piecipitates weie 
obtained in the urines at loir temperatuie, they did not completely 
dissolve on continued lieating The disappearance of tlie precipitate after 
continued heating is not always noted even when the Bence Jones protein 
IS piesent, as the above-named observeis showed, and this reaction is not 
a tine test foi the Bence Jones protein "We mnst beai in mind that the 
influence of salts has a great deal to do vith the solution and precipita- 
tion of this piotein, as is the case with othei proteins This fact has 
been demonstrated b} SpiioJ” Pauli and Pona=° and Hammarsten 
In Older to clear up the obscuie points i elating to the protein exereted 
in this connection, the following experiment was undertaken to find out 
uhat reactions occui on heating a sample of mine (sp gr 1 020) contain- 
ing an amount of the substance approximately equal to the pioportion in 
which it exists in cases of “m3elopathic proteosuiia The aqueous 
solution of the piecipitates obtamed fiom tlie urine b3^ treatment with 
ammonium sulphate was dial3zed till free fiom sulphate and speedily 
evaporated ovei a water bath until the liquid had a S3rupy consistency 
When the S3uup3 solution of the excieted substance was added to the urine 
in various propoitions, no change in the urine took place on heating The 
treated urme gave maiked precipitates with piciic acid and tiichloracetic 
acid, howevei These reactions did not take place before the addition of 
the excreted substance The precipitates dissolved on further heating 
and became more maiked on cooling 

Swnmarij of Results of Pioceduics B and G 

1 After the suhcuianeous injection of products of peptic digestion of 
osseo-albumoid, the urine in no instance gave the heat-precipitation test, 
but the urme gave the proteose test on addition of picric acid or tricliloi- 
acetic acid An aqueous solution of the ammonium sulphate-saturation 
precipitate gave the heat-precipitation test and the proteose test with 
picric acid and tnchloi acetic acid 

13 Sussman Dissertation, Berlin, 1897 

14 Matthes Kong f inn Med, 1890, xiv, 476 

15 Eostoski Deutsch med Wclinschr , 1901, xxvii, 224, Munclien med 
Wchnschr, 1901, xlviii, 1115, 1902, xlix, 740, Sitz Ber d pLys med Gesellscli 
zu Wurzburg 1901, 31 and 33, 1902, 82 

16 Ribbinik Maly’s Jabrb d Tierchem , 1892, xxii, 525 

17 Huppert Ztsclir f pliys Chem , 1896 97, xxii, 500, Centralbl f d med 
Wissensch, 1898, xxxviii, 481, Brag med Wcbnschr, 1889, xiv, 35 

18 Magnus-Levy Kong f inn Med, 1900, xviii, 496, Ztscbr f pbys Chem, 
1900, XXX, 200 

19 Spiro Ztscbr f pbys Cbem , 1900, xxx, 182 

20 Pauli and Rona Beitr z cbem Pbys u Path , 1902, ii, 1 

21 Hammarsten Arcb f d ges Pbys , 1878, xxviii, 65 
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2 The substance excreted in the urine became insoluble after its 
precipitation with alcohol, theiehy resembling the primary proteins rather 
than the proteoses 

3 The urine from normal dogs often gives a reaction with potassium 
mercuric lodid that lesembles the proteose reaction with this reagent 
We hope to study the i elation between this reaction and the presence of 
kynurenic acid and '^'diamins/^ in dog urine 

4 After the subcutaneous injection of products obtained by tryptic 
digestion of osseo-albumoid, no heat-precipitation test was obtained in the 
urine, but the urme gave a good proteose test with picric acid and trichlor- 
acetic acid An aqueous solution of the ammonium sulphate-saturation 
precipitate gave a marked heat-preeipitation test and also pioteose tests 
with picric acid and trichloracetic acid 

5 When some of the substance excreted in the urme was isolated and 
its aqueous solution concentrated to a sj^upy consistency and added to 
urme of 1 020 specific gravity in varymg proportions, no heat-precipita- 
tion test was obtained The urme, however, gave marked tests for pro- 
teose with picric acid and trichloracetic acid 

6 The injection of these products did not produce any untoward 
effects 

7 It seems fair to assume, on account of the fact that the heat- 
precipitation test was not obtained in the urine direct but m an aqueous 
solution of the ammonium sulphate-saturation precipitate from the urme, 
that ]f a larger amount of substance had been piesent, the heat-precipita- 
tion test would have been obtained in the unne itself 

D LEUKOCYTIC PKOTEOLYSIS OF OSSEO-ALBUJMOID 

The original assumption which led to this woik was that the proteo- 
Ijdic enzymes in the cells of the new bone-giowth, or the unrestrained 
action of the enzymes from the bone-marrow cells might cause the pro- 
duction of the Bence Jones protein by the transformation of osseo-albu- 
moid It was desirable, therefore, to ascertain what the direct action of 
the enzymes of leukocytes would be on osseo-albumoid and to learn the 
results that would occur if the substances produced by their proteolysis 
were injected into dogs 

The method described by Opie^^ was used to obtain the leukocytes and 
to separate the enzymes fiom them m a dry, powdered state By this 
method Opie has shown that an enzj^e designated by him ‘lympho- 
protease” is destroyed when present in an acid medium, and that one 
which he calls ^fieukoprotease” remains active when contained in an 
alkaline medium The alkaline condition was favorable for our proposed 
experiment, as the leukoprotease would, in bone-marrow, normally act in 


22 Opie Jour E-cper Med, 1906, vni, 410 
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an alkaline mednmi Opie-“ has shown also that the enzymes from bone- 
inaiiow aie identical with those obtained from polynuclear leukocytes 
nith fine gi anulations, and, since these cells aie foimed in the bone- 
inaiiow, the bone-inaiiow may be regarded as the source of the enzymes 
whicli both contain Fuitlieunoie, Opic had shown that the "dymiplio- 
piotease'^ is contained in the lyunphocytes, and although the greater pio- 
poition of the cells in an inflammatoiy exudate are poly nuclears, a num- 
ber of lymphocytes are present, and by this method of preparation, the 
enzymic action of the lymphocytes is eliminated 

In the experiment deseiibed below a portion of osseo-albumoid w^as 
treated with a suspension of 2 35 gm of diy powdeied ^deukoprotease ' 
in saline solution About SOO c e of 0 25 per cent sodium carbonate and 
1 cc of toluol weie added and the mixture placed m an incubator at 
39 C At the end of a week, about one-half of the material was digested 
After twelve days’ digestion of the os'^eo-albumoid by the leukocytic 
mateiiah it was ob'^ened tliat the amount of undigested matter did not 
diminish on the two succeeding days The mixtuie was then tilteied, and 
the filtrate neutralized and satuiated with ammonium sulphate at the 
boiling temper atuic A leiy laige amount of pioteose-like material was 
obtained E^en aftei lepeated tieatment of this piecipitate wnth watei 
a considerable amount of substance remained insoluble This insoluble 
portion gave all the piotein color -reactions, but no proteose tests, and 
proved to be inetapiotein That portion of the precipitate which was 
soluble in water was dialy/ed free from sulphate and concentrated speedilv 
br evapoiation at 10 C On heating an aqueous solution of the aboie 
precipitate a marked cloudiness w^as produced, which was not changed 
on f urthei heating, nor by the addition of acid 

AYith picric acid, trichloracetic acid and potassium mercuiic lodid, the 
solution gave very abundant precipitates wdiich dissohed almost com- 
pletely' on further heating and reappeared on cooling On addition of 
concentrated nitric acid a precipitate wms produced which dissolved com- 
pletely on heating and returned on coolrng 

The extract of leukocytes did not yueld a precipitate on heating, nor 
wdien allow'ed to undergo autoly'sis under toluol On saturating this 
autoly'zed extract wnth ammonium sulphate a small amount of precipitate 
came down, wdiich, after solution in w'atei, did not respond to the lieat- 
precipitation test 

23 Opie Jour Exper Med , 1905, vii, 759 

24 The following lefeiences to enzymes from leukocytes may be noted 
Longcope and Donhauser Jour Exper Med , 1908, x, 618 

Opie ibid, 1905, vii, 316 and 759, 1906, viii, 410 and 536 Opie and Baikei 
ibid, 1907, IX, 207 

Jochmann Ztsclii f Hyg u Infektionskrankh , 1908, Ixi, 71 
Joclimann and Lockemann Beitr z cliem Phys u Path , 1902, ii 449 ^ 

Jochmann and Mullei Munchen med Wchnschr , ^1906, Im, 1392, 150/ and 
2002, X^eihandl d Kong f inn Med, Wiesbaden, 1907 
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The osseo-albumoid that was not digested after two weeks’ treatment 
with the diied leukocjtic product was transferred to a fresh saline extract 
of leukocytes and placed under toluol in an incubator 

A residue remained after two weeks’ digestion in this fresh salihe 
extract of leukocjdes The residue was filtered off, the filtrate saturated 
with ammonium sulphate at the boiling temperature and an abundant 
proteose precipitate obtained, which dissolved readily in water forming 
a dark brown solution On heating this solution an abundant precipitate 
came down which dissolved to a slight extent on further heating, but 
which apparently w'’as fully lestored on cooling Practically the same 
lesults were obtained with picric acid, trichloracetic acid and potassium 
mercuiic lodid With nitric acid an abundant precipitate was produced, 
which disappeared on heating and returned on cooling The solution 
was diatyzed till free from sulphate and evaporated speedily to dryness 
at 40 C As it was thought that the undigested material might be 
collagen, it w'as boiled wuth water but the supernatant liquid gave onl}’’ 
a slight reaction for protein. 

To determine if this residue was digestible it was tieated with a fresh 
active alkaline tij-psin mixture and placed in an incubator After fort}^- 
eight hours no digestion had taken place, and on saturation with ammo- 
nium sulphate, no precipitate came down Most of the undigested 
material dissolved in dilute sodium carbonate, from which it could be 
precipitated by acidifying the alkaline solution with hydrochloric acid 
This material consisted chiefly of hematin, as seemed evident from its 
color 

Summaiy of Results of Proceduie D 

1 Osseo-albummoid, on digestion with a dried extract of leukocytes, 
piepared by the method of Opie, yielded osseo-albumoses 

2 An aqueous solution of the osseo-albumoses produced by the leuko- 
cytic proteolysis of ©sseo-albumoid did not give a sharp heat-precipitation 
test After the addition of picric acid, trichloracetic acid, uitric acid 
or potassium mercuric lodid, how'^ever, a sharp proteose-test was obtained 

3 jSTeither the extract of leukoc3des nor tlie autolyzed leukocytic 
material gave a heat-precipitation test 

E SUBCUTANEOUS INJECTION OP PRODUCTS OBTAINED IN THE LEUKO- 
CYTIC PROTEOLYSIS OP OSSEO-ALBUMOID 

Of the pioteose-like product (D), 2 3060 gm were dissolved m 11 c c 
of 0 85 per cent sodium chlorid This solution was injected subcuta- 
neously into a bitch, the subject of a former experiment Tlie weight of 
the dog w^as 7 kilos The amoimt of the substance injected per kilo of 
dog’s weight was 0 33 gm Injection occurred at 11 a m , March 16, 
1909 Xo untoward effects were noticed Xone of the fractions of urme 
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folJowing the injection gave a piecipitate on heating Eraction 2 yielded 
Iieavy precipitates with piciic acid and tiicliloi acetic acids, Imt the pre- 
cipitates did not dissolve completely on continued heating On cooling, 
much of the piecipitate in each was icstoied With potassium mercuric 
lodid all fiactions gave a piecipitate, this being speciall} marked in 
Fraction 2 The precipitate was not completely soluble after continued 
heating but was lestoied on cooling The fiactions weie obtained 
twenty-foui, foity-eight, seventj'-tuo, nmctj'-'six and 120 hours after the 
injection 

The se\eial fiactions of urine flora this dog were satuiated with 
ammonium sulphate at the boiling tempeiatuie Fiactions 2, 4 and 5 
gave fair amounts of piecipitates These precipitates veie found to be 
very slightly, if at all, soluble in water They weie insohihlc in sodium 
chlorid, 0 2 pei cent hydiochloiic acid and ethyl alcohol, but soluble m 
0 5 per cent sodium caibonate The insoluble mateiial gave veij marked 
responses to the ]\Iillon and xanthopioteic tests The filtiate fiom tlie 
mateiial insoluble in water gave no reactions with piciic acid, Millon 
leagent oi potassium mei curie lodid 

It ivas thought that this excieted substance might be phosphopiotein 
Some of the original mine W'as therefore lendoied ampboteiic to litmus, 
heated to boiling and, wdiile briskly boiling, was treated with acetic acid 
drop by drop A white, flalcy precipitate was produced, which was lilteied 
ofE It gave the following reactions 

1 Soluble in excess of 0 2 pei cent hjdiochloiic acid 

2 On being boiled until 2 pei cent hjdrochloric acid until a dark 
color wms produced, then neutralized and tested for reducing substance 
with Feliling solution, no reduction was obtained 

3 It gave a positive test for phosphates on evapoiation, fusion with 
sodium carbonate and sodium nitrate, and tieatment ivith dilute nitiic 
acid and ammonium molybdate solution The origmal precipitate was 
washed till the washings gave no test for phosphates before the fusion was 
made 

These results show that the substance excreted was piobably phospho- 
piotein No substance giving these reactions of phosphopiotein was 
obtained from the urme before the injection of the leuko-proteolj tic 
product of osseo-albumoid Evident^, the injected product w'as eithei 
modified in some way or phosphoprotein present in it was excreted as 
such, while the rest of the material was retained 

F INTEAVElsrOUS IJTJEOTION' OF PRODUCTS OBTAINED IN THE LBUKO- 
OYTIO PROTEOLYSIS OF OSSEO-ALBUMOID 

Expebiiient 1 — Of the proteose-like product (D), 0 SG5 gm was dissolved 
in 30 cc of 0 85 per cent sodium chlorid solution This was injected intia- 
lenously into a dog, the subject of a previous experiment, at the rate of 1 c c 
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a minute, Marcii 23, 1909 The animal Avas under tlie influence of ethei during 
the injection procedure No untoward symptoms developed 

The first fraction of urine following the injection gave a maiked cloudiness 
on heating which remained on continued heating and after addition of acid and 
dilution Picric acid and trichloracetic acids produced slight precipitates which 
disappeared on heating and returned on cooling The second fraction gave the 
same reactions but they Avere slighter in degree Potassium mei curie lodid pio- 
dueed a precipitate Avliieh did not clear completely after continued heating but 
was restored on cooling The fractions were obtained tAvelve, thirty-six, sixty, 
and eighty-foui hours after the injection 

The fractions of urine from this dog Avere saturated with ammonium sulphate 
at the boiling tempeiatuies and the precipitates dissolved in Avater Fi action 1, 
on heating, gave a slight cloudiness Avhicli was not changed by continued heating, 
by acid, by potassium mercuric lodid or by dilution With picric and trichlor- 
acetic acids it gave abundant precipitates Avhieh did not completely dissolve on 
furthei heating but weie restoied on cooling 

The results of this experiment show that Avhen the substance leached 
the blood-stieam it was excreted unchanged thiough the kidne3’'s, and 
when present in suflScient quantities in the urine it gave a fair heat- 
precipitation test and marked leactions with picric and trichloracetic 
acids 

Of course, it must be remembered that the amount of substance that 
was piesent in the fractions of urine was quite small m comparison with 
the amounts excreted in ^^myelopathic pioteosuiia ” Possibly, in tlie 
presence of larger amounts of the substance, the heat reaction would have 
been more marked 

The subject of this experiment was accidentally killed a week latei 
during the development of anesthesia while preparation was being made 
for another intravenous injection At autopsy a hemorrhagic peritonitis 
was found with about 50 c c of blood in the peritoneal cavity 

Experiment 2 — Of the proteose-like product (D), 0 4 gm Avas dissolved in 
a small volume of physiological salt solution and injected intravenously into a 
dog at 2 p m , March 30, 1909 

The first and second urinary fractions following the injection gave a marked 
cloudiness on heating, which did not disappear on continued heating, nor after 
addition of acid or on dilution With picric and trichloracetic acids and Avith 
potassium mercuric lodid, each fraction gave a slight precipitate which dissolved 
on heating and Avas restoied on cooling The fractions were obtained twelve, 
thirty-six, sixty, and eighty-four hours following the infusion 

The fractions of urine from this dog Avere saturated with ammonium sulphate 
at the boiling temperatures The precipitates were dissolved in Avater and tested 
with the following lesults Fractions 1 and 2 gave a cloudiness on heating 
which did not change on continued heating, on dilution, or on addition of acid 
With picric and trichloracetic acids and potassium mercuric lOdid each fi action 
gave slight precipitates which did not completely dissolve on heating 

The result of this experiment confirms that of the previous one The 
injected substance was excreted in the urine, giving a fair heat-precipi- 
tation test, and marked picric and trichloracetic acid tests, both in the 
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iirme itself and in ilic solution of the ammonium sulphate-saturation 
precipitate fiom the mine The substance excieted in the urine under 
these condition'-, unlike that after subcutaneous injection, was not phos- 
phopiotein It uas like pioteo':e m its lespon'^es to the tests employed 

Siimman/ of Rcsitlif of Pioced^ius E io F 

1 Aftei the svhcuiancovs injection of an aqueous solution of the 
pioduct obtained b^ the JcnLocyttc pioteolysis of osseo-albumoid (D), 
the mine did not gne tlie heat-precipitation test, but did gne proteose 
tests ivitli pieiie acid and trichloi acetic acid 

2 Tlie substance excieted m the above case uas piobabh' phospho- 
piotem eithei picsent in the injected mateiial to begin with and excreted 
unchanged, or foimed fiom the substance injected 

3 After 'iniiavcnous injections of aqueous solutions of the product 
obtained by the Icnlocyiic pioteoljsis of ossco-albunioid the urine gave 
a fan hcat-precipiiation te«t and maiked pioteose tests vith jncric acid 
and trichloi acetic acid 

4 Tlie substance excicted aftei the intravenous injections was appai- 
enth proteo«e and not phosphopiotein 

0 In no case did the injected sub'^tance produce untovard 'sjmptoras 

6 The results of the heat-prccipitation test following mtiavenous 
injection': suggest that possibly the Bence Jones protein is foimed b} the 
action of enzjmes of the bone-maiiow on ocseo-albumoid, and that this 
product of then action is eliminated through the kidnej s aftei it reaches 
the blood-stream 

G INTRAl’LRITONEAL I^rjECTIOX' OF OSSEO-ALBUJIOID 

One gram of ossco albumoid, prepared by Ha^k and Gies for elementary 
analysis, yas suspended in yater The mixture yas heated to boiling, cooled and 
injected intiapeiitoneally into a largg dog, at 3 p m , jMarch 25, 1909 

The fiaetions of uiine folloying the injection did not contain any pioteose- 
lilce material but thej’’ contained a small amount of serum protein 

The urine before injection gave no reaction ivitli picric acid oi trichloi acetic 
acid On saturation yitli ammonium sulphate a small amount of a daik gianular 
piecipitate yas obtained that consisted of urates, uiobilin, and a small amount of 
an insoluble lesidue ydiicli gave no leactioii foi protein 

On March 30, the dog died and, on autopsy, a very intense hemoirhagic peri- 
tonitis yas found yitli over a litei of bloody fluid in the peritoneum No pio 
teose could be detected in this fluid It yas hoped that in the expeiiment just 
desciibed, the osseo albumoid would cause an inflammatory leaction and then 
undergo a pioteolysis occasioned bj' the enzvmes of the leukocytes in the exudate 
and that the product of this digestive action ivould be taken up by the blood and 
undergo excretion Such conditions ivould bring about a more natural leukocytic 
proteolysis of osseo albumoid and y'ould effect a process more nearly comparable 
to that supposedly taking place in multiple myeloma On account of the danger 
of the intraperitoneal injection, it was decided to attempt to induce more favoi- 
able conditions by making an viira'plew al injection of osseo albumoid as described 

below 
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H INTEAPLEURAL INJECTION OP OSSEO-ALBUMOID 

Osseo albumoidj 0 4 gm , from the same product as that used for the inti a- 
pentoneal injection, was suspended in 10 e c of physiological salt solution, heated 
to boiling, cooled, and injected into the left pleural cavity of a dog, at 4 p m , 
April 3, 1909 

The fractions of urine following this injection did not give any precipitate 
on heating or after addition of picric and trichloracetic acids With potassium 
mei curie lodid a precipitate ivas produced which did not disappear on heating 
The fractions weie obtained nineteen, forty-thiee, sixty seven and ninety-one hours 
aftei the injection and then every twenty-four houis for one week 

All the fi actions of urine from this dog were satuiated with ammonium sul- 
phate but Fraction 4 (April 7) was the only one that gave a proteose like precipi- 
tate A solution of this precipitate gave a positive reaction for pioteose when 
tested Avith potassium mercuric lodid, picric acid and trichloracetic acid When 
an aqueous solution of the precipitate produced by ammonium sulphate was 
heated, a marked turbidity ensued that did not disappear completely after con- 
tinued heating, and was more marked on cooling 

On April 17, two weeks after the intiapleuial injection, the dog was killed 
At autopsy the left lung and pleura weie found to be noimal, with no evidence of 
any osseo-albumoid present 

The lesults of the tests on the urine in this expeiiment indicate that 
the injected osseo-albumoid was taken up hj^ the blood and the substance 
excreted In one fraction of the urine, obtained four daj’-s after the 
injection, a substance was present which was piecipitated bj’' picric acid, 
the product thus tin own down dissolving on warming and reappearing on 
cooling — apparently proteose 

Summai y of Results of Pi ocedui es G to II 

1 Intmpentoneal injection of osseo-albumoid, as a method for the 
production of the autolytic derivatives of osseo-albumoid in the exudate 
resulting from its injection, is apparently too unsatisfactoiy a process for 
use m such experiments 

2 The urine, four dajs after the intiapleuial injection of osseo- 
alhumoid, yielded an ammonium sulphate-satuiation precipitate whose 
aqueous solution gave a pronounced heat-precipitation test and marked 
pioteose reactions with picric acid and trichloi acetic acid 

3 SUMMARY OF OENERAIj CONCLUSIONS 

1 The peptic digestion of osseo-albumoid yielded a water-soluble sub- 
stance precipitable by saturation with ammonium sulphate In one 
instance this material gave a heat-precipitation test, but the reaction was 
not as marked in its sharpness as the same test when applied to elastose 

'Negative results were obtained when the test was applied to two other 
similar products obtained in the peptic digestion of osseo-albumoid 

2 After the subcutaneous injection of the material pioduced by the 
peptic digestion of osseo-albumoid, the urine did not yield a heat-precipi- 
tation test, but gave a positive reaction with picric and trichloiacetie 
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acids The ammonium sulphate precipitate from the urine in tins experi- 
ment gave positive heat as veil as picric acid and tiichloracetic acid tests 

3 The heat-piecipiiation test m the mine is determined by the 
amount of substance excreted as veil as by the leaction of the urine and 
the quantity of salts present 

4 Aftei the subcutaneous injection of tlie mateiial pioduced by the 
peptie digestion of osseo-albumoid, an alcoholic pieeipitate of the sub- 
stance ex'creted m the urine vas rendered insoluble on standing under 
alcohol, theieby showing one of the characteristics of the Bence Jones 
piotein, and departing fioni the usual pioperties of pioteoses 

0 Altei the sulieutaneous infection of the substance obtained by the 
tiiptic digestion of osseo-albumoid, it vas excieted by the mine but it 
did not give a heat-pi ecipitation test 

6 Osseo-albumoid undeigoes pioteoljsis vhen subjected to the action 
of the enzjme of leukoeites that acts in alkaline media A solution 
of the animonium sulphate pieeipitate of tins digestive mixture gave a 
heat-precipitation test as veil as leaetions vith picric acid and trichlor- 
acetic acid 

7 The material pioduced by the leukoc)i;ic proteoljsis of osseo- 
albumoid, aftei its siibcuiancoiis injection, was found to have been modi- 
fied in the body and vas excieted m the urine, in whole or in part, as a 
substance resembling phosphoprotein 

8 Intiaperitoneal injection could not be used as a satisfactoiy 
method of favoring autoljsis of ossco-albumoid on account of the perito- 
nitis produced 

9 O'seo-albumoid vas absoibed, aftei its mtrapleuial injection, and 
a digestive pioduct of it vas excieted in the urine Tins product in tlie 
urme did not give a heat-pi ecipitation test, but a solution of tlie ammo- 
nium sulphate pieeipitate from the mine gave this reaction as well as one 
with picric acid and trichloracetic acid 

10 Some of the results indicate that the Bence Jones protein may be 
formed from osseo-albumoid by the action of enzymes m diseased bone, 
although furthei research will be necessary to confirm this opinion 

It gn es me great pleasure to thank Professor William J Gies for suggesting 
this pioblem and for his constant superMSion of the work 

Note — A complete hibliographv vas given by Rosenbloom in a dissertation 
entitled “A. Contribution to the Study of the Nature and Origin of the Bence 
Jones Protein,” submitted to Columbia University in 1909 , also Bioehem Bull , 
1911, 1, 161 

437 West Fifty-Ninth Street 



SPONTANEOUSLY PEECIPITATED BENCE JONES 
PEOTEIN IN UEINE- 

JACOB KOSENBLOOM, MD 

NEW YOBK 

In another paper^ I have reviewed the various theories which have 
been proposed regarding the origin of Bence J ones protem In the paper 
preceding this one I have described experiments which, conducted under 
the direction of Prof W J Gies, were planned to determine whether 
osseo-albumoid, a constituent of bone, is a precursor of Bence Jones 
protein That mquiry warranted the conclusion that the Bence Jones 
protein may be formed from osseo-albumoid by the action of enzymes in 
diseased bone 

The chemical nature of Bence Jones protem has been thoroughly 
studied, but very little is known legardmg the mode of formation of this 
important substance Weber and Ledgingham^ have suggested that the 
cytoplasmic residue of karyolyzed plasma cells is the source of Bence 
J ones protein If this view is coirect, the endogenous purms of the urine 
should be supernoimal in amount owing to increased nuclear destruction 
Preparations were made for a thorough inquiry mto this particular phase 
of the subject through study of the urine of a patient with multiple 
myeloma The patient died, however, before the work was well under 
ivay Considerable Bence Jones protein was available, nevertheless, and 
a number of facts of chemical interest, which were noted, are meutioned 
below 

General Descnption of the TJnne 

The twenty-foui hour urine was examined daily for a period of eight 
da3^s Luring this period it was noticed that ivith but one exception, 
about one-third the bulk of each specimen was occupied by a pinkish 

^ The clinical history and findings of this case were those of multiple myeloma 
The writer wishes to thank Di Davison under whose service at Mt Sinai Hos- 
pital the patient was obseiv-ed It is also a pleasure to acknowledge the hearty 
cooperation obtained from Drs Bookman, Crohn, Mandlebaum and Munker 

*■ From the Laboratory of Biological Chemistry of Columbia University, at the 
College of Physicians and Surgeons, and the Chemical Department of Mt Sinai 
Hospital, Hew York City 

1 Eosenbloom Biochem Bull , 1911, i, 161 

2 Weber and Ledgingham Proc Hoy Soc Med , Path Sect , 1909, ii, 193 , 
Folia hematol , 1909, viii, 14 
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sediment, -fthieh, aflei lemoval b> liltration, A^as found to give all the 
leactions typical of Bence Jones protein 

The volumes of the daily mines varied between 1,200 cc and 1,450 
c c On heating the lilteied urine a piecipitate v as piodiiced at from 50 to 
51 C The piecipitate increased in bulk on heating to 55 C At 56 C 
the piecipitate flocculated m a cleai suiiounding liquid At 78 C , solu- 
tion of the precipitate began At 90 C, complete solution of the piecipi- 
tate occuried As the heated mine cooled, the precipitate leappeaied 
Such clcar-cut heat-piecipitation ivas not alva 3 s obtainable at the 
tempeiatures indicated In some of the mine the piecipitate would not 
completely dissolve at the highest temperatures The temperatuie of 
indml coagulation also -sailed The fiist signs of tmbiditj uere alvas® 
obtained at a tempeiatme between 51 and 55 C , and solution of the 
precipitate began at a tempeiatme between 78 and 81 C 

When the mines vere made alkaline u ith sodium IndiOMd, heat failed 
to induce piecipitation, but aftei acidification of such alkalized mine, 
heat-precipitation could be elicited 

iSTitric acid solution (25 pei cent), when added in small quantity 
to the fresli mine, caused cloudiness On shaking the mivture the 
tuibidit} disappeared The addition of a chemical excess of the acid 
produced an abundant piecipitate ^^^len the aeid mixtuie uas heated 
the precipitate dissolved This piecipitate vas incoluble in a physical 
excess of the acid Hydiochloiic and sulphuric acids gave the same reac- 
tion Piciic, tannic, phosphotungslic, sulphosalic 3 lic and metaphosphoiic 
acids pioduced precipitates but the corresponding piecipitates did not 
dissolve completely when the raixtmes weie heated The addition of hio 
volumes of alcohol to the mine caused complete piecipitation of the 
reactive substance This piecipitate uas soluble in water but, vhen 
immersed in alcohol for a week, it became insoluble in watei 

Satmation of the urine with sodium chloiid failed to effect piecipi- 
tation but, on heating this saturated solution, an abundant precipitate 
was pioduced The piecipitate did not dissolve on fuither heating 
Saturation of the mine with magnesium sulphate, aftei making the mine 
acid, caused heavy precipitation This precipitate did not dissolve when 
the mixture was boiled On saturating the neutialized mine with ammo- 
nium sulphate, and also on satmating the acid urine with sodium sul- 
phate, complete precipitation of protein occuried 

Serum protein was absent fiom the urine of this patient during the 
peiiod of observation The amount of the lieat-precipitable protein vliicli 

3 Bradshaw (Tians Med-Clur Soc , Bond , ISaS, Ikxxi, 259 , But Med Join , 
1898, i, 1136) has described a similar case in which the substance was spontane- 
ously precipitated -Williams (Biochem Joui , 1910, v 225) desciibed mine con 
taming Bence Jones protein, and stated that on several occasions the mine iias 
milky when voided He did not say whether the milkmess was due to Bence Jones 
protein 
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was exeieted in twenty-four lionrs varied from 3 to 5 gm It contained 
fiom 8 to 15 per cent of the total nitrogen 

Chemical Data on the Substance Isolated fiom the TJnne 

The purified, heat-precipitahle piotein was obtained from the urine 
by the following method The mine was heated slowly to 60 C and the 
precipitate filteied off (This coagulation was so complete that the fil- 
tiate gave no protein reactions ) The precipitate was washed with cold 
water, dissolved b} means of 0 5 per cent sodium carbonate solution and 
precipitated fiom this solution by alcohol The precipitate was dialyzed 
in running watei for a week, then washed with absolute alcohol and ether, 
and dried at 105 C The substance prepared by this method had the 
general appeal ance of dry egg-albumin It vas insoluble in water but 
dissolved in dilute alkali 

The nitrogen content of this material varied between 15 08 per cent 
and 15 24 per cent The sulphui content vaiied between 1 13 pei cent 
and 1 25 per cent Phosphoius was absent The purified material 
responded to the following tests Millon, Liebermann, biuret, santhropro- 
teic, Adamkiewicz, and Molisch In peptic digestion it yielded protopro- 
teose, secondary proteoses, and peptone, but no heteroproteose A solution 
of the purified substance in 0 5 per cent sodium carbonate did not give 
the heat-precipitation test, but on the addition of sufficient saline material 
and acid, this test could be obtained 

These facts make it evident that the material under investigation was 
true Bence Jones piotein 



A SIMPLE IIsLSTBUMEET FOP DETEPMUS'IHG THE 
COAGULATIOH-TIME OF THE BLOOD ' 


WILLTAiVI W DUKE, D 

^vA^&AS cia^, MO 

The accuiacy of most metliods foi detei mining the coagulation-tirae 
of the blood depends on tliiee mam factois 

1 The shaipness with mIiicIi the end-pomt appears 

2 Constanc}’’ bebieen tlie ^ol^lme of blood used foi the test and its 
aiea of exposure to foieign suiface 

3 Constancy' of tempeiatiiie 

These tliiee factois have been consideied in the following modification 
of Milian’s ingenious method^ and, it is believed, make it as accuiate 
as any method at present in use 

The instiument consists of a slide on uhich aie mounted ^uth balsam 
two glass disks 5 mm in diametei 

MnrnoD^ 

Anoint the suiface from uhich the blood is to be obtained with a thm 
layer of petiolatum (This pie\ents contact of the blood with the skin 
and avoids theieby a slight souice of error ) Puck the skin through the 
petrolatum, obtaining, if possible, a fiee floiv of blood lYipe awa} the 
first drop of blood which appears Touch the suifaces of the glass disks 
to the next diops in such a way that each dislc is completely covered with 
blood As a lule one of the drops obtamed in this way will have approxi- 
mately the depth of those shown in the figuie If not, the slide must be 
washed and fresh drops obtained Havmg obtained drops of the correct 
depth, invert the slide over a glass nearly filled with water at a teinpeia- 
ture of 40 C and cover it with a sponge or folded cloth wet v ith water 
at the same temperature B}'" this means the blood is kept m a moist 
chamber at a temperature of about 38 C (To prevent cooling the glass 
may be kept in a water bath at 40 C ) After five minutes have elapsed 
remove the slide at intervals of one minute, hold it in a vertical position 
in front of a white surface, and note the suiface contoui of the drops of 

*This method has been briefly outlined by me in a pievious article “The Rela- 
tion of Blood-Platelets to Hemorrhagic Disease,” Jour Am Med Assn, 1910, 
Iv, 1185 

♦Prom the Hunterian Laboratory of Experimental Pathology, Johns Hopkins 
University, Baltimore, Md , and the Clinic von Noorden, Vienna, Austria 

1 Milian, G Technique pour T6tude clinique de la coagulation du sang. Bull 
et m6m Soc m6d d hOp de Paris, July 5, 1901 

2 This instrument will be made by Carl Zeiss, Jena, and can be obtained in 
America from his agents, Eimer & Amend, 205 Third Ave , Hew Yoi k 
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blood So long as the blood is fluid the drops hang down assuming the 
shape shown in the flgure (A) After coagulation has proceeded to a 
certain degree the drops fail to change in shape when the slide is tilted 
but maintain a spherical contour This is taken as the end-point It 
appears sharply and is easy to determine The coagulation-time as deter- 
mined by this method^ counting from the time of appearance of the blood, 
yaries in normal cases from six to nine minutes Under pathologic con- 
ditions it may be as great as foity minutes 


Instrument for determining the coagulation time A, contour of drop when 
blood IS fluid B, contour of drop when blood is clotted — end-point 

With this instrument the coagulation-time can be determmed compar- 
atively, that IS, blood from a patient can be taken up on one disk, blood 
from a normal mdividual on the other, the two coagulation-times can 
then be determined simultaneously and the results compared When this 
procedure is followed it is necessaiy that the two drops have approximately 
the same depth The careful regulation of temperature is here, however, 
not so necessar}^, and it suflSces to invert the slide over a glass of warm 
water and cover it with the hand I^Tien both specimens of blood are 
normal they usually reach the end-point within two minutes of each 
other Wlien one specimen has a delayed coagulation-time it may remain 
fluid more than five times as long as the normal 

The coagulation-time determined by this method represents neither 
the time at which coagulation begms nor the time at which coagulation 
IS complete The former point is evident, for strands of fibrin can be 
removed from the blood with a needle before the end-point is reached 
The latter point is shown by the fact that the coagulation-time in animals 
poisoned with chloroform (a condition in which the fibrinogen content 
of the blood may be enormously reduced) may be normal, even when the 
fibrmogen content of the blood is considerably reduced Evidently, then, 
normal blood may become firm enough to give our arbitrary end-pomt 
before all its fibrmogen is transformed into fibrm 

The sources of error for the method are comparatively small when 
blood used for the determmation is obtamed with perfect technic The 
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chief Pouice of eiioi lies in the using of tliop'= of incoriect depth If 
the diop IS extiemely shalloiv coagulniion is niailcedlj^ accelerated If 
on the othei hand^ the diop is evtiemeh deep, letraction of clot and 
extiiision of <50111111 may iiiteifcie 'with coiicct deteimination of the end- 
point I ha\c noted that b} ^ aiding tlie deptli of diops of noimal blood, 
from a thin film to the deepest diop mIiicIi can hang from the disks, the 
coagulation-time can lie made to \ai’v fiom ino niinntes to ten 01 eleien 
mimite‘5 Such a gross source of eiioi as tin's, ho^\e^o^, doe« not come 
piaciicalh" into concidciation and ai a lule ‘=e^elal chops as oidinaiilv 
picked up, clot -w ithin tu 0 minutes of each othci 

This method ]<; a modification of Mill an <5 method Milian allowed 
diops of blood to fall on the glass slide and at knoun tempeiature deter- 
mined the end-point In oecasionall\ holding the slide 111 a %ortieal po=ition 
and noting the change in contoui of the drop<5 ITinmaii and Sladen'’ 
lecogni/ed the souice of eiroi of Milian’'? method due to the lack of 
constanc^ in the diameter of the chops of blood used and in then paper 
suggest the use of chops -J to o mm in diameter They otfci then method 
as a rough means foi determining the coagiilation-time for ivhich no 
instiument is needed In ITinman and Sladcn's method aie tuo seiiouc 
soul cos of on 01 One is duo to lack of constanc} in the depth of the 
drops used the othci, to lack of constancy of tempeiature These investi- 
gatois iecogni7e the maiked influence of temperatuie on coagulation, but 
consider that <511011 variation as occuis in hospital vaids is not gieat 
enough to be of serious moment Thi‘5 ma'^ be tiiie vhen the blood tested 
IS normal "Wnien the coagulation-time is dela}ed, hovevei, its variation 
with temperature is much gieatei and is a souice of erior which cannot 
be overlooked We have noted, for example, that the coagiilation-time 
of a specimen of normal blood at tempeiatures of 38, 30 and 20 C was 
nine minutes, fifteen minutes and twenty-five minutes, respectiveh’- At 
the same temperatuies blood from a patient vith mild hemophilia gave 
coagulation-times of sixteen minutes, tventy-four minutes and sixty 
minutes, respectively The pathologic blood as compared with the normal 
showed, then at 38 C a comparatively small delay (seven minutes) uhile 
at 20 C it showed a great delay (thirty-five minutes) Unfortunately 
by neither Milian’s nor Hinman and Sladen’s method can the deteimin- 
nation be made at 38 C by the simple procedure of inverting the slide 
over a glass of warm water Unless the blood hangs from elevated disks 
the condensation of moisture on the slide causes it invariabl}’’ to flow off 

Only such sources of error as are directly concerned in the use of 
the instrument have been mentioned in this paper For discussion of 
sources of error connected with the obtaining of blood the reader is 

3 Hinman, F , and Sladen, 3? J Measurement of the Coagulation Time of 
the Blood and its Application Bull Johns Hopkins Hosp , 1907, xviii, 20/ 
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ref ei red to papers by Pratt/ Milian/ Hinman and Sladen/ etc The 
latter sources of error aie sometimes difficult or almost impossible to 
avoid "When the blood tested is flowing fieely and is slightly exposed 
to dirt, injured tissue, etc (as can be accomplished in animals by cutting 
the ear-vein), numerous deteiminations may vary less than two minutes 
"Wflien capillary blood is used^ howevei, and especially when blood fails to 
flow freely and must be expiessed from the tissues, constant results are 
difficult to obtain and duplicate determinations may vary four minutes 
or more 

In conclusion I wish to express my thanks to Dr G H Whipple, associate 
profes‘=oi of pathology, Johns Hopkins University, and to Privatdozent N E von 
Jagic of the von Hooiden clime, Vienna, wheie this study was completed 

500 East Armoui Boulevaid 


4 Pratt, J H Beohaehtung uher die Gerinnungzeit des Blutes und die Blut- 
plattchen. Arch f exper Path u Pharmakol , 19(13, v, 49, p 299 

5 Milian, G Les causes d’eiieui, dans I’etude clinique de la coagulabilit6 
du sang, Presse med , 1904, No 26 



THE HEUEOSEEOLOGICAL FINDINGS IN TABES, 
GENEEAL PAEESIS, CEEEBEOSPINAL SYPH- 
ILIS, AND'OTHEE NEEVOUS AND 
MENTAL DISEASES •' 

D M IvAPLAN, MD, and LOUIS CASAMAJOK, 

NHW -iOKK 

This communicalion is the lecoid of a laboiatoiy equipped for seio- 
logical uoik It does not concern itself uith the post-moitera findings, 
noi does it attempt to discuss tlic clinical distinctions of the diseases 
scheduled The mateiial uas obtained from tlie Neuiological Institute 
and in a measuie from the i\Ianhattan State Hospital, ^Yard*s Island 
The mteiesting uoik of Plant has shown the nece^sit} of a moie definite 
laboratory knowledge of tabes, general paresis and cerebiospinal lues 
In the above mentioned woik there is little to help one m the differentia- 
tion between difficult cases of paresis and cerebrospinal syphilis, nor do 
other writers shed much light on the situation from a laboratoi} stand- 
point The mateiial analyzed in this communication, 340 ceiebrospinal 
fluids and as man}' serums, we have divided into four groups or t}'pes 

1 The negative types 

2 The positive t}'pes 

3 The aberrant types 

4 The post-therapeutic types 

Before going mto a consideration of these vaiious types, we will give 
a brief outline of the technic emplo}ed 

TECnNIO 

The Wasseimann BeacUon — This was peifoimed on both the serums 
and the spinal fluids Of the latter 0 5 c c v as used The serums were kept 
on ice and, as a rule, were not oldei than fort}'-eight hours The original 
Wassermann technic was adhered to, besides this, an alcoholic beef -liver 
evtract was also used The watery extract of a syphilitic fetal liver was 
obtained by shaking the finely divided liver-pulp in the Spiegelberg 
shaking apparatus for twenty-four hours The fluid obtained after 
centrifuging was standardized The serums used for standardization 
purposes came from known positive cases of tabes, geneial paresis and 
lues eerebrospmalis No further comment need be made concerning this 
test, as it conforms in detail to the method employed m Berlin 

The Glolulm Test — The precise nature of the protein contained in 
the cerebrospinal fluid has never been definitely settled and it is outside 


♦From the laboratory of the Neurological Institute, New York 
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of the scope of this paper to discuss the question We shall speak of 
this substance as globulin according to the accepted custom The method 
of gauging an excess was described by one of us/ but a slight change in 
the original technic was made in that 0 9 per cent salt solution was 
added to each tube containing less than 0 5 c c of spinal fluid, in order 
to bring it up to that quantity The remaining technic was as in the 
oiiginal text The test tubes used uere 1 cm in diameter 

The Gell-Oount — The Fuehs-Eosenthal method alone was used. We 
know of no reason why this method should not be used more extensively, 
as it IS the only method, to our knowledge, capable of giving a quanti- 
tative insight into the cellular content of the cerebrospinal fluid 

The Feliling Test — Half a cubic centimeter of Tehling’s solution is 
diluted with an equal quantity of distilled water and boiled To the hot 
fluid IS added 0 5 e c of the spmal fluid at a time, until 1 c c is added, 
boiling after each addition Set aside to cool and observe after a few 
minutes If the reducing substance is present, the cuprous salt will be 
deposited in the bottom of the tube A tube of the same size is to be 
used as in the globulin tests In fluids in which no reduction is obtain- 
able, a violet coloi develops instead The signiflcance of this will be 
considered later 

PRELIMINARY CONSIDERATIONS 

In a negative serological report Fehling^s reducing substance is always 
present In such a report an excess of globulin, as in the method 
described, is not obtainable The cells in the cerebrospinal fluid should 
not exceed seven per cubic millimeter and the Wassermann reaction is 
always negative From an analysis of over 1,000 fluids,^ we have come 
to regard seven cells as the upper limit in normal fluids The Wasser- 
mann reaction on the serum alone has but little bearing on the sero- 
logical report It may be negative or positive without changing the 
positive or negative nature of the report, as the Wassermann test need 
not bear a direct relation to the pathological processes in the cerebro- 
spinal system 

A positive report has any of the following abnormalities an excess 
of globulin, a positive Wassermann reaction in the cerebrospinal fluid, 
a cell count of over 7 per cmm, or an absence of Fehling’s reducing 
substance Singly or collectively, when present in the cerebrospinal 
fluid, they constitute a positive serological report It does not matter 
whether the serum Wassermann be positive or negative 

Our types were the result of a study of the behavior of the largest 
percentage of cases of the diseases as scheduled, and consequentlv a 

1 Kaplan New York j\Ied Eec , 1910 Kxvm, 11S7 

2 Kaplan Neurological Serology Joui Nerv and Ment Dis , 1911, xxxvm. 
No 6 



2G4 


AECHIVES OF IFTEKNAL MEDICIEE 


deviation from the majoiity type makes the result atypical oi aberrant 
This deviation, however, should not be the outcome of theiapv It there- 
fore becomes indispensable to know exactly uhat treatment was given 
and foi how long, before an opinion is finally submitted At times the 
clinical diagnosis differed from the serological, in such a case the report 
was considered for the time being abeiiant, until the subsequent evidence 
pointed out the true diagnosis Excluding the effects of therapy, an 
absolutely negative repoit is encountered in general paresis and in 
cerebrospinal syphilis with extreme rarity In tabes dorsalis this is 
sometimes seen without any treatment, but in the other two diseases it 
IS advisable to wait for furthei signs before a final diagnosis is agreed on 
A number of absolutely negative findings weie due to the effects of 
treatment, as previous reports on these cases had shown distinct positive 
findings 

THE NEGATIVE TYPES 

In this collection of clinical material it is accepted that syphilis plays 
no part in the etiology of the neurological disorder Syphilis not involv- 
ing the nervous apparatus is not infrequentl} encountered in nervous 
diseases and should receive separate consideration It is understood that 
m the negative types the Wassermann reaction in the ceiebrospinal fluid 
IS negative, there is no globulin excess, Eehling reduction is present, and 
the number of cells does not exceed 7 pel cmm 

Multiple sclerosis is preeminently a nervous disease of the negative 
type It conforms to the rule formulated above, although two of our 
cases gave positive Wassermann reactions in the serum It is to be borne 
in mind that a sufferer from this disease ma}^, at a subsequent date, 
contract lues, and in such a case the ph 3 '^sician’s attention should be 
directed to the time of onset of the multiple sclerosis to establish its 
relation to the syphilis In amyotrophic lateral sclerosis the serological 
report is always negative, as likewise in progressive muscular atrophy 
and in paralysis agitans There are a number of diseases besides those 
mentioned above, which clinically are frequently confused with cerebro- 
spinal syphilis, in such cases the peiformance of a serological investi- 
gation will often establish the diagnosis The chief value of this work 
IS the grouping of nervous affections into negative and positive serological 
types Having grouped the disease, its classification is rendered much 
less difficult and its treatment more accurate The differential diagnosis 
of diseases belonging to the same group receives no help from the study 
of a neuroserological repoit An atypical multiple sclerosis cannot bo 
differentiated from an aberrant amyotrophic lateral sclerosis, as they are 
both diseases of the negative serological tj^pe The same difficulties aie 
at times encountered m positive serological types, as general paresis 
frequently gives the same seiological pictuie as tabes Foitunatelj, 
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wever, the laboratory is rarely called on to furnish all the evidence 
lessary to make a diagnosis 


COMMENTS 

The diagnosis of two cases of multiple scleiosis which gave positive 
isseimann reactions was, on closer study, changed to spinal lues. In 
ise instances a mild excess of globulin was also obtained and the 
mber of cells in one case was over 100, a condition never encountered 
disseminated sclerosis In some of the cord tumor cases, heating the 
inal fluid gave use to an intense coagulation but these did not show a 
sitive cell-count In one tumor case there was a cell count of eighteen 


TABLE 1 —NEGATIVE SEROLOGICAL TYPES 



No 

Cases 

Sei 

urn 

— 


Cerebiospinal Fluid- 




Wass 

Wass 

Cells 

Globulin 

Fehling 



4- 

— 

4- 

— 




Red 

sclerosis 

12 

2 

10 

0 

12 

0- 7 

Normal 

All 

reduce 

'e musculai atiophy 

3 

0 

3 

0 

3 

0- 3 

Noimal 

All 

reduce 

hic lateral scleiosis 

4 

0 

4 

0 

4 

0- 4 

Normal 

All 

reduce 

agitans 

a 

lOtic 

5 

0 

5 

0 

5 

0- 3 

Normal 

All 

reduce 

4 

1 

3 

0 

4 

0- 4 

Noimal 

All 

reduce 

hagic 

5 

0 

5 

0 

5 

0- 6 

Noimal 

All 

reduce 

uteiioscleiosis 

5 

0 

6 

0 

6 

0- 4 

Normal 

All 

reduce 

;uraois 

5 

0 

5 

0 

5 

0- 6 

Normal 

All 

reduce 

rd tumois 

8 

0 

8 

0 

8 

0- 4 

Normal 

All 

reduce 

lydroceplialus 

4 

0 

4 

0 

4 

0- 7 

Normal 

All 

reduce 

i'eha 

26 

3 

23 

0 

26 

0-26 


All 

reduce 

3 

0 

3 

0 

3 

0- 4 

Normal 

All 

reduce 

tis 

4 

0 

4 

0 

4 

0- 7 

Normal 

All 

reduce 


2 

0 

2 

0 

2 

0- 1 

Normal 

All 

reduce 

iiitis lumbahs 

1 

0 

1 

0 

1 

2 

Normal 

All 

reduce 

elalgia 

2 

0 

2 

0 

2 

0 

Normal 

All 

reduce 

mia 

6 

0 

6 

0 

6 

0- 5 

Normal 

All 

reduce 

ia giavis 

1 

0 

1 

0 

1 

2 

Normal 

All 

reduce 

bia 

1 



0 

1 

5 

Normal 

All 

reduce 

e family idiocy 

2 

0 

2 

0 

2 

2 

Normal 

All 

reduce 

PSICHOSES 

3 

0 

3 

0 

3 

5 

Normal 

All 

reduce 


2 


2 


2 

0-14 

Normal 

All 

reduce 


10 

1 

9 

0 

10 

5 

Normal 

All 

reduce 

il 

2 

0 

2 

0 

2 

1 

Noi mal 

All 

reduce 

piffiCO'I 

9 

2 

7 

0 

9 

1 

Normal 

All 

reduce 

mentia 

5 

0 

5 

0 

5 

3 

Normal 

All 

reduce 

iiessive insanitj 

4 

0 

4 

0 

4 

5 

Normal 

All 

reduce 

2 

0 

2 

0 

2 

3 

Normal 

All 

reduce 

aepiession 

2 

0 

2 

0 

2 

0 

Normal 

All 

reduce 


inphoeytes together with a few polynuclears, but no globulin excess 
ne case of endothelioma of the cord showed a maiked xanthochromia 
id a globulin excess Anothei showed the same discoloration and an 
isence of Tehling’s reduction The majority of them, however, ga\e 
igative results 

In the case of epilepsy with the twentj^-three cells and the positive 
'’asseiniann in the serum, the etiology is piobably S3'-philis One patient 
ith polyneuiitis had at first been diagnosed tabes Two of the six 
euiasthemcs weie for a time thought to be paretics One of the two 
ositive dementia pisecox cases gave a luetic history It is to be noted 
lat the case of hydrophobia sliowed a veiy maiked Eehling’s reduction 
n one ease of recent hemiplegia due to heinoirhage, a cell count of 
Aentj'-seven and a mild globulin excess vas obtained 
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It IS quite certain that this material does not exhaust this class of 
cases It IS still unknown to what extent the acute exanthemata affect 
the cerebrospinal fluid The time is near when no neurological status 
will be considered complete without a serological study of the case 
It IS evident from the above that the number of neurological diseases 
with negative serological findings is very large indeed The report is 
of value from a standpoint of differential diagnosis, where one is con- 
fronted, for instance, with the differentiation between a general paresis 
and a traumatic psychosis, or a cerebrospinal syphilis and a disseminated 
sclerosis Diseases of a positive type cannot be confused with those of a 
negative nature after a proper serological study 

THE POSITIVE TYPE 

In offering these classifications clinical distinctions were not taken 
into consideration The types, as offered, are the result of study of the 


TABLE 2— POSITIVE SEROLOGICAL TYPES 



No 

Cases 

Serum 
Wass 
+ _ 


Wass 
+ — 

Cerebrospinal Fluid — 

Cells Globulin 

Fehling 

Red 

General paresis 
Cerebrospinal syphilis 

60 

60 

0 

60 

0 

8- 78 

Excess 

Reduce 

(Plant type) 

Cerebrospinal syphilis (pos- 

30 

28 

2 

0 

30 

96-451 

Excess 

Not all reduce 

itive type) 

Tabes dorsalis (hyper lym- 

16 

15 

1 

16 

0 

94-248 

Excess 

All reduce 

phocytic type) 

Tabes dorsalis (positive 

8 

4 

4 

4 

4 

64- 98 

No excess 

All reduce 

serum type) 

32 

32 

0 

0 

32 

8- 50 

No excess in 21 

All reduce 

Tabes dorsalis (G P type) 
Tabes dorsalis (neg Wass 

10 

2 

8 

10 

0 

12- 40 

In 9 no excess 

All reduce 

type) 

Acute infectious meningi- 

10 

0 10 

0 

10 

14- 49 

No excess in 5 

All reduce 

tis 

14 

8 

6 

0 

14 

94 up 

Maiked excess 

No reduction 

Tuberculous meningitis 

6 

2 

4 

0 

6 

• 

Excess in 3 

In 2 no reduc- 
tion 

Spinal cord tumors 
* Very many 

4 

0 

4 

0 

4 

0- 18 

Excess 

Not all reduce 


distinctive features found in the cerebrospinal fluid In the Plant type 
of cerebrospinal syphilis the Wassermann reaction is negative in the 
cerebrospinal fluid and positive in the serum The positive tjrpe of this 
di'^ease consists of those cases which have a positive Wassermann reaction 
in both the serum and spinal fluid The occurrence of this type is 
common enough to demand a separate heading The serological types 
of tabes, as then names suggest, present features which could be utilized 
as therapeutic indices As has been pointed out before, there are cases 
of tabes which should not be subjected to antiluetie remedies ® This 
type of tabes is shown under the heading of negative Wassermann tjpe, 
in which both serum and spinal fluid aie negative to the Wasseiniann 
test T\niether, from a therapeutic standpoint, the general paresis tjqie 
should be considered together with negative Wassermann type cannot be 
decided at present We have, however, data permitting the eonclu=ion 

3 Kaplan Jonr Am Med Assn, 1910, Iv, 1952 
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that the hyperljmphocytic type and the positive serum TVasseTmann type 
of tahes are suitable for therapeutic measures It is permissible to argue 
that in the h 3 ’perhmphocytie l^'pe vre most likely have the serological 
expression of an exudative meningeal condition, an mdex of the active 
progression of the disease The tables of therapeutic results mil show 
how these forms are influenced by therapy In speakmg of a general 
paresi'5 tj^ie of tahes we do not refer in any way to the clmical aspects 
of the disease, hut only to the fact that in these cases there is a positive 
TTassermann reaction m the cerebrospmal fl.uid The positive serum type 
of tabes, in our experience comprises about 66 per cent of aU cases ^ 

In the cell-count of general paresis may be found the link that 
permits of the contention that some clinical varieties of initial so-called 
neurasthenoid paresis fl.ow out of a preexisting cerebrospmal sjyihilis, 
or that the soil favorable for the development of paresis in some cases 
consists of tissue changes produced by syphilis of the brain and cord 
This view was expressed in a personal communication by Dr Charles L 
Dana^ and is a theme worth mvestigatmg, as timely therapeutic measures 
may arrest the progress of the disease m this stage and prevent its becom- 
ing mcurable The chief distmctive feature between cerebrospmal si^ih- 
ibs and general paresis is the high cell-count m the former As there 
are many mstances m which the spmal fluid Wassermann is positive m 
lues cerebrospmalis, it seems to us that, serologically, the cell-count is 
alone reliable In the ma 3 ority of mstances the count m general paresis 
IS seldom over seventy per cmm Although it is onlj’' a con^ecture^ it 
may nevertheless be advanced that the lowest ceU-count in cerebrospmal 
lues may be the serological transition of this disease to general paresis 
If such a transition really exists, and if spmal fluid analyses could deter- 
mme it, it becomes apparent how important these analyses will piove m 
the prophylaxis 

In considermg the mfectious forms of menmgitis, which are, as a 
lule, acute, pus ma^’- at times be encountered Although actual purulent 
fluids have not come to our notice while doing the above researches jet 
we have had cases m which the number of cells was so great that they 
could not be counted The reason why tuberculous menmgitis is consid- 
ered under a separate heading is that in this form of disease the fluid, 
as a rule, reduces Tehbng’s solution Only when the tuberculous process 
becomes complicated by another organism and large numbers of poly- 
nuclear cells appear in the fluid, does the reduction cease to manifest 
itself 

The reduction may at times be absent m very active forms of cerebro- 
spinal sj-philis this phenomenon going parallel with an mcie?=e m the 
polynuclear elements One such case showed the presence of 100 polv- 
nuclear cells per cmm It will be pointed out later that as these cells 



TABLE 3 — POST-THEBAPEUTIC FINDINGS 


tabes Dopsalis 

Mr O — 

Befoie treatment 
3 months after salvarsan 
Mr P — 

Before treatment 
3 weeks after salvarsan 
8 weeks after salvarsan 
Mr D — 

Before treatment 
8 weeks after salvarsan 
12 weeks after salvarsan 
Mr M — 

Before treatment 
12 weeks after salvarsan 

CEREBROSPI^AL LUPS 
Mr D — 

Before treatment 
10 dajs after salvarsan 
6 weeks after salvarsan 

Mr H — 

Before treatment 

After 7 weeks’ Hg injections 

Mr H V — 

Before tieatment 

8 weeks after salvarsan 
Mr Z — 

Before treatment 
After 7 veeks’ Hg injections 
After 5 months’ Hg Injections 
Mr W — 

Before treatment 

2 weeks after salvarsan 
Mr Me C — 

Before treatment 

3 weeks after salvarsan 
Mr T — 

Before treatment 

4 weeks after salvarsan 
Mr A — 

Before treatment 

1 week after salvarsan 
3 weeks after salvarsan 

9 weeks after second salvarsan 
Mr P — 

Before treatment 

After 8 weeks’ Hg inunctions 

Mr Do — 

Before treatment 
1 month after salvarsan 

Mr S — 

Before treatment 
1 week after salvarsan 

SUEPPUEATIVE MENI^GIT1S 
Mr y 

Before treatment 
1 week after surgical treatment 

Generae Paresis 
Mr Og — 

Before treatment 
5 weeks after salvarsan 
Mr Hu — 

Before treatment 
After 9 months’ Hg injections 
MS — 

Before treatment 
1 month after salvarsan 
♦ Polynuclears 
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4- 
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he presented absolute signs of cerebrospinal syphilis The same holds 
true m the case of Mr P , who at first presented serologically the signs 
of lues cerebrospinalis, but after eight weeks of mercury inunctions 
showed the neuioserological picture of tabes of the positive serum 
Wassermann type Por the reappearance of the cells in the case of 
Mr Z we are not in a position to offer an explanation This is a young 
man who had a compile hemiplegia, undoubtedly due to a syphilitic 
thrombosis He has entirely recovered the use of his right side and there 
remains nothing of his original trouble but an increase of reflexes on the 
right side From the position of therapy the value of a contemporaneous 
study of clinical prosT’ess and serological behavior in a given case is 
self-evident In the case of Mi A it was the serological findings as well 
as the slight clinical improvement which prompted us to repeat the 
injection of salvarsan The clinical improvement in all our cases, how- 
ever, did not always go hand in hand with the serological The changes 
in the serum and spinal fluid cannot at present be bound by strict classi- 
fications, for the same disease behaves frequently in different patients 
differently The very much to be desired results, clinical and serological, 
obtained in Mr M , must not be expected in every case Our results 
offer as little hope in paresis as does clinical experience According to 
Dr C L Dana, there are eases in the early stages of this disease, in 
which the pathological substratum is a preexisting cerebrospinal syphilis, 
which can be checked by treatment At present we do not believe that 
any one can say whether there are clinical and serological distinctions 
to aid us in the early detection of this disease As already mentioned. 
Mane believes that a negative Wassermann reaction in the cerebrospinal 
fluid marks the incipient stage of paresis, the reverse is true in the late 
stages, and in the full fledged forms the Wassermann reaction is present 
in both media We have arranged our material according to this idea 
with following results 

1 Incipient Stage (Mane) * Wassermann reaction positive in the 
serum, negative in the spinal fluid, globulin in excess, cells, from five 
to eighty per cmm 

Of our twelve cases of earlj’’ paresis five corresponded with this theory 
and seven did not 

2 Fully Developed Stage (Mane) Wassermann reaction positive 
in both media, globulin in excess, cells, from eight to seventj^'-eighi 
pel c mm 

All of our cases of full}’’ developed paresis corresponded perfectly 

3 Stage of Paretic Decline (Mane) * Wassermann reaction negative 
in the serum, positive in the spinal fluid, globulin in excess, cells, from 
nine to forty-nme per cmm 

We had nineteen eases of advanced paresis, thirteen of which agreed 
vith this idea 
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It requires a very laige number of cases to decide whetliei this classi- 
fication IS feasible, and hence ve aie not in a position to speak definite^ 
about it One case of beginning geneial paiesis shoved the serological 
picture which Maiie considois that of the late stage If woik on these 
lines should show that such a view could be held, neurological serolog}' 
will become indispensable To contiol this ivoik by animal experiments 
IS impossible We will have to be content with slowei methods, and wait 
patientl} for sufficient corroborative post-moitem mateiial 

This work is of value in that many clinical manifestations have 
distinctive diagnostic features m the neuioseiological study The point 
not sufficiently emphasized is the diffeience between the acute and chronic 
meningitides In the acute forms, except the tuberculous, the Tehling 
reduction is alvajs absent, violet color developing instead In the chronic 
forms of meningitis the Tehling reducing substance is present, piovided 
only a few polynuclear cells are encountered As the purulent piocess 
subsides in the acute meningitis and the polynuclear elements disappear 
or diminish in the chronic foims, Fehling’s reduction reappeais This 
point IS of interest as a gauge of progress in meningitis of any variety 
Such an improvement can be observed in the case of Mr H , in whom the 
reduction was absent while the polynuclear cells were numerous, and it 
promptly returned as these cells diminished in number The patient's 
clinical condition improved at the same time 

SUMjMAKY 

The above work allows of the following conclusions 

1 There is a diagnostic and prognostic value to be deiived fiom 
neuroserological studies 

Z negative cell-counts, as a rule, exclude diseases classified among 
the positive types and vice versa 

3 The hjqierlymphocytie and the positive serum Wasseimann type's 
of tabes are the ideal forms of this disease for successful treatment 

4 It IS permissible to argue that this hyperljunphoeytosis is the 
expression of an exudative process 

5 The presence of large numbers of pol 3 muclear cells in the spinal 
fluid IS signiflcant of an acute meningitic process, be it luetic or due to 
an}’’ other cause 

6 The diminution or the disappearance of the poljmuclear cells is 
to be considered as a favorable prognostic sign 

7 In a child with meningitis the presence of Pehling’s reduction in 
the cerebrospinal fluid speaks strongly for the tuberculous nature of the 
meningitis 

Tins article is in tlie nature of a preliminary report from the lahoratoiy point 
of viei\', a more extensive work being in preparation by us together with Drs G 
H Kirby and M J Karpas of the staff of the Manhattan State Hospital, 
Ward’s Island 
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STUDIES IN BONE METABOLISM THE ETIOLOGY OF 
NON-PUEBPEBAL OSTEOMALACIA^ 

F I-I McCRUDDEN MD and II FALES, SB 

NI \V \ORK 

Tlie pieseiit investigation is a fiiitliei contiibntion to tJie stinh ol 
mineial metabolism and is designed to tliiow moie lie^ht on the etiologv 
and piocess in o«teomalacia A eoiicet inteipietation of this jiiocess 
i'' of the gieate=t impoitance in an nndei standing of tlie metabolism 
of bone since the two vievs legaiding the natiiie of the osteoid ti«sne 
in o=teomalcicia — the one that it is an old bone fiom viliich the mineial 
con^titiicnts have heen dissolved out, and the othei that it is new hone 
pool in mineial constituents — aie based lespeetivelv on tlie two opposing 
views legaiding the metaboli'^m of bone — the one, that bone is dead 
tissue not undei going metabo]i<?m, the othei, that it does have a metab- 
olism Anatomical investigations not having been succe=sful in deciding 
between these two views, chemical methods vveie ajpilierl which led to the 
conclusion that bonv tissue, like othei tissue, is continuouslv being 
dostioved and leplaced by new, and that oHeomalacia is due to a di«tuib- 
ance of the balance vvheieh) the new tissue is pooi in calcium ‘?alt« and 
theiefoie soft ^ A stiiclv of the etiologv led to the conclusion ihat the 
^taiting point is an inci eased catabolism of bonv tissue due to a need 
of calcium salts elsevvheie and that the tendenev of phvciological activitv 
to oveipi oduction which is lesponsible foi the jnoduction of antito\in«; 
and acquiied immunitv is also an impoitant factoi in leading to the 
long-continued inci eased catabolism of calcium aftei the oiiginal need 

'"iMoin the Ilo'^pital of tlie RockefeJIei Iii^tinite foi :Mcflical Re=eaicli X(« 
Voi k 

1 In Mew of tliese findings it is iiitciesling to note tliat i Reckling'-liaii'-en 
lias leeentlv lieon obliged to letiact liis inteipietation of tlie (hllri fif/fiifii ■wlncli 
VI'' Ivigelv ie«ponsible in iiiilioldinir the opposinir tliioix ind to adiiiit tint il 
n not ])ossible to diflei entiate iiioi pliologic ilh between old bone fioni wliicli the 
mineial salts ]ia\e been lenioied ind new Ixnie jiooi in lime =ilts (ion Reckling 
iiaii-cii Unteisiieliiingen nbei Rliacliitis iiiid Osteoin ilacie I'llO See c-'peciilh 
V liaptei Mil and jiages 3-1,” and 34G) 
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ha= c'-a^-cd to e\i‘-t - Tlie piesenl iinc'-li<ratio]i ilie ipsiilt ol an excel- 
lent op] 30 itunitx o( ‘-tiulving a laie ca^-e of non-pnei])eial osteomalacia 
and de^iuned to te^t the ahoxe tlieon ot the natuie of the piocess, 
and to inxcstigate the i elation of the need o( calemin «alts and Ihe 
tendencx of oxeipiodnction to the etiologx 

The lolloping is an extiacl of hei hi^ton and ])h\«Kal examination ^ 

C\Sr 111 PORT 

Hislviij — 'llic ])<ilKiit a wonnn mcd 42 \n(1 umniiiifd d iCe-, liei illness lo 
IS'll when she noted i haul painlcs-, nodule ihoni the si/e of i htan on the light 
side of the lowei piw Si\ months 1 itei tin giowth, which had In then incictsed 
to the si/o of -x htn s ege; was i(nio\cd togiihei with a jiiece of the piw In 180 1 
she began to suflei fioin loss of ipjatite \oniiting obstinate constipation niid 
^e\eie nenialgia in the foee and iippei pw and began lo walk with dilTicnlh 
Mic noticed that iiei inkics would bend in \nd out” on w ilkiug ‘as if thex weie 
maele of lubbei ” then a giaduil stitVeiung of the hick iiid stillness and cieaking 
of the knees dcxeloped ^o tint aftei fixe months she eould get xbout onlx xxitli 
the gioatest dithcultx In the fall of this ^oal small haul painless nodules wcie 
noticed on hei slim bones Ihe Ingest on the left w is iboiit the si/e of a walnut 
111 1807 she w is foiceel to gixe up woik entnelx A xeai latei xxhile iidiiig a low 
tiicxele she fell and fi acini tel the light thigh 'Jhis fiactuie, which she desciibes 
as causing hei ^uipiisinglx little pun liid hei up sexen weeks iftei which and 
until ten weeks ago she was aide to moxc about bx leaning on i chan lYliile laid 
up she had an attack of icnal colic i e intense tolickx jiain ladiating eloxxn 
XX aid fiom he’ light kielnex legion Ihiee weeks latci she passed sexeial small 


2 McCiiielden Chemical Analxsis of Bone fiom i Case of lluinui Adolescent 
Osteomalacia Join Biol f hem 1010 xii 100 Jhe Composition of Bone in 
Osteomalacia Am loui Plixsiol , 1000, \xii 32 A Stiidx of the ^Metabolism in 
Osteomalacia Am loin Plnsiol 1005 \ix 211, 'Jhe Etlect of Castiation on the 
^[etaholism Join Biol Cheni 1010 xii 185, 'Jhe JCflect of Castiation on the 
iletabolism in Osteomikuia Am Join Phxsiol 1000, xxn 211 Studies of Bone 
Mctibolisin Especiallx the Pathological Piocess Etiologx and Jieatinent of 
O&teomalacii 'Inr Aiiciinns Int ]\Ii d , 1010 x 50h 

ihe gx necologists aie at piesciit iiielined to the hxiiothesis that osteomalicia 
is a disease of the adienals 'Ihe oiignial basis foi this hxpothesis xxas the e\pe 
lienee of Bossi an Italian phxsician xxlio on Dec IG lOOG and on foiii siiccessix'e 
daxs administeied opnieplum m a case of osteomalacia At the end of that time 
the patient had niueli less pain and xxas theiefoie dischaiged as cuied Wiilim 
1cin pri o the fiist ii catmeni the journal containing publication of the iesiilt« 
appealed (Bossi Xebonnieie und Osteomalakie Centialbl f Gxnak, Jan 10, 
1007 Xo 31 p 60 ) A niiinbei of otliei just such e\.peinnents hax’e since been 
lepoited 111 the liteiatine In all cases “cine” xxas lepoited soon aftei tieatment 
and meant simplx' lelief fiom pain Ihe rapiditj xxith xxhich tcndeiness and pain 
disappeai at times exen xxithout tieatment in o=teoin ilacia, is xxell knoxx'n and 
does not indicate a cine of the disease llie case lepoited bx Kaessman (Em 
Beitiag /111 Adienahn Behindlung des Osteomalakie nach Bossi, Centralbl f 
Gxiiik 1007 \\\i 1370) max be typical of what happens to some of these 
patients ICiessinan adniini«teied epinepliiin dailx' fiom Sept 0 to Sept 11, 1007 
and on Septembei 14 sent the patient axxax bettei but xxith instiuctions to keep 
u]) the tieatment Nine daxs kitei on Septembei 23 the patient letuined xxoise 
than txei 'riie snpiucnil thcoix docs not seem xxoitlix' of xeix^ seiious con 
suleiation 

3 She xxas iindei the diiect caie of Di llonix K JMaiks of tins hospital 
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gia> stones lliese attacks of pain leciuiecl, at inteivals of si\ to eight months 
Usually, about tliiee weeks aftei each attack, she uould pass a si one about the 
size of a pea Since MaA, lb04, she has had no attacks BetAieeii 1900 and 1905 



Fig 1 — X-i AA plate '.bfAMuu bom imnoi fioui the left Umi of i patient eiiflei 
MUr fioin osteoinnl'ieia 


hei «Mnptoins did not piogie«^ Ihen the <;tinne'=< of hei knee-^ \n<l Imk hick I'-td 
and she noticed a piinless cnlaigcinent ncai the lowei edge of the spine In 1‘I07 




77//. \RailJ]fJ,‘s OF /\77;/.M l/y MnUICIM] 


27f. 

•^lie bogui to glow (lo.if in tlic iiglil oai A \e.u latcn tlicie was (l]mcnlt 3 in 
bieathing following tlie ippeaiance of a bon^ giow'th in the light nostnl In tlic 
spiing of ]000 it was nolited that hoi Uft rM-liall jiioliiuled and slio complained 
of diiiine-^s of \ision and seeing doiihle Tlieio was no pain In IbOO small nodnles 
weie noticed on hci foicbeul About this time she fiactnied the second meta 
( 11 pal bone of the light li.ind In sli ikiiig binds witli a fiiond Jn August 1010, 



Fig 2 — Raiefaction in the second phalange of the indev and thud fingeis 
and in the fifth metacaipal bone of patient avith osteom ilacia 


while washing Iiei hands she dislocated the teiniinal phaJinv of the left index 
fingei 1*01 the last ten weeks she lias been bediidden on account of inei easing 
stiflness and weakness She feels no pain on Ijmg stall bait oiilj on moaement oi 
when handled 
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Physical E^aiinnaiion of the Osseous System — ^Tlie patient is a pooilj’^ iioui- 
ished, emaciated, distoited, middle-aged woman She lies comfoitablj' in bed 
evcept when she attempts to inoie A slight iidge can be felt evteiidiiig along the 
sutiiie lines of the skull Theie is a haid nodule about the sue of a pea on the 
tempoial bone behind the light eai, an iiidelinite fliiii swelling behind the left 
eai, and tliiee small fiim nodules on the tiontal bone Ihe nodules aie not tendei 
and not movable Iheie aie tuo fnm swellings on eithei side of the laphe between 
the haid and soft palate Iheie is a shaip boiij' exostosis on the outei edge of 
the outei thud of the light clavicle Theie is a maiked losaiv The light costal 
maigiii IS somewhat depiessed At the left ovei the costochondi al maigiii theie 
IS an elevation which is teiidei Iheie is model ate kjphosis of ceivical and uppei 
doisal veitebiJB and maiked scoliosis The sacium is veij" piomineiit The iliac 
wings aie thickened and nodulai Ihe absence of about an inch of the lowei jaw 
gives the face an asymmetiical appeaniiee Ihe legs aie emaciated Ihe left leg 
IS soniewiiat longei than the light, owung to bowung out of the light feniui just 
above the middle (site of the old fiactuie, ovei wdiich is a laige callus) Ihe 
sui faces of both shins aie loughened Just below' the middle of the left tibia, and 
involving chiefly the iniiei suiface, is a haid, oval, bone like mass 11 cm long, 
and 13 cm wade It is not tendei oi movable and the skin is not adheient On 
the second iiietacaipal joints ot both hands, theie aie haid swellings The tei- 
niinal phalanx of the left index-hngei is movable lateialh 

X-Pay Piciuies — Examples of the bony tuniois and bone laiefactions aie seen 
111 Figuies 1 and 2 lespeetively Figuie 1 shows a tumoi fiom the left shin In 
Figiue 2 example" of laiefaction mai be seen in the second phalanges of the 
index fingei and thud fiiigei and in the fifth metacaipal bone 

Bnefi’) siimmaiizecl, the condition is one of osteomalacia following 
the appeal ance of multiple hoii} tiimois 

EXPERIMENT IL DATA 

A complete metabolism expeiiment of ten dais' dniation, in wdiicli the 
intake and outgo of nitiogen, calcium, inagnesinni, sulphui and phos- 
phoius w'as deteimined, was earned out The diet consisted of the mixed 
diet of the hospital, only foods that w'eie not homogeneous enough to 
sample piopeily being excluded The diet foi a wmek pieceding the 
expel inieiit was the same as that used m the expeiiment, so that theie 
was no aliiupt change The details of feeding, collecting exeieta, sain- 
plnig and analyzing have been desciibed in eaihei papeis" The diet 
follows 

FToirAiBrn 17 — Bi cat, fast White biead. 518 gm oatmeal, 104 4 gm , 
SCI ambled eggs 32 0 gm , coflee 40 0 ec, milk 430 0 cc, watei, 200 0 cc 
Luncheon Potatoes 51 2 gm , nee 08 5 gm ham, 21 1 gm , custaid 112 4 gm , 
milk, 205 0 cc , chicken bioth 160 0 cc , watoi, 200 0 cc At 3 30 p m milk, 
250 0 cc Stippei Hambuig steak 34 2 gm sweet potatoes, 23 G gm , banana 
44 gm , milk, 130 0 cc , watei, 228 0 ec 

XoATMiirR IS — Bi eai fast Giaham biead and biittei from stock oatmeal 

06 4 gin , lamb chop meat 14 6 gm coffee, 50 0 c c , milk, 470 0 c c watei 300 0 
cc watei (iiijeetioirp , 300 0 cc Luncheon Biead and buttei fiom stock 

chicken meat 23 3 gm spinach, 20 7 gm , nee 41 4 gm water 250 0 cc chicken 


"It was occasioiialh iiecessan to gne an enema to mo\e the bowel" Tap 
watei was used and the amount used added to the food to be anal\/ed 
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Inotli, 1()0 0 (c imlk 150 0 cc Euppo Bioacl and bntlei fiom slock, meat, 
20 5 gm junket, 114 0 gin chicken Inotli, 100 0 tc milk, 150 0 cc, Maiei, 
450 0 c c 

XoMMinulO — J{tc(il,f(i‘,t Oatmeal 85 0 gm s lu'-age, SI 0 gm ^\Uel,200 0 
cc , collee (»0 0 cc milk, 100 0 cv Lunch(on Chicken, 25 0 gm , iicc, 70 2 
gm , cnstiid 48 1 gm Oialiain Ineul and Imttci fiom stock Matei, 210 0 cc , 
milk 210 0 cc , soup, 170 0 cc , gia\\ 50 0 cc MuUUc Iftciiioon milk, 250 0 
cc, Mitei, loot) cc Euppci .Mcit 210 gm , hainiia 40 1 gm , m itei 150 0 
cc milk 200 0 cc soup, KiOO cc 

XoMAimu 20 — 7iic«7,/«s/ Oatmeal, 012 gin eggs, 40 0 gm , hi own hiead 
and hiittcl fiom stock, watei 200 0 c c cotlcc 140 0 c e , milk, 155 0 cc watei 
(injection) 210 0 cc Jjuncliton lliown hicid and hiittei fiom stock, cliickeii 
40 0 gm , lice, 0.18 gin spinach 40 1 gm Keciiain 410 gm , soup 115 cc, 
watei, 200 0 cc , milk 250 (F cc Euppa lliowii hiead and hiittei fiom stock, 
soup 170 0 cc milk 500 0 cc w itei 200 0 cc 

XOMMIMU 21 — EicahfasI lliown hic id iiid hiittei fiom stock, oatmeal 07 1 
gm , watei 200 0 cc , milk, 250 0 c c codec 70 0 cc Luncheon Ileefsteak, 
25 7 gm , lice 71 1 gm , apjile s.iuce 112 1 gm , hiead iiid hiittci fiom stock, 

watei 200 0 cc milk 400 0 cc soup 170 0 cc Euppci milk 185 0 cc, 

oAstei soup, 170 0 cc watei 200 0 cc 

XoMMmu22 — El cal. fast Banana 17 4 gm , oatmeal 88 5 gm witei,180 0 

cc, milk 150 0 cc, codec, 70 0 cc watei (injection) 115 0 cc Luncheon 
Chicken, 33 0 gm , iice, 7(t0 gm , custud 018 gm , hieul and hnttei fiom stock, 

watei 180 0 cc soup 180 (i cc milk 250 0 cc Euppci ^Icat 218 gm , 

sweet potato 51 7 gm , w itei 200 0 cc , milk 470 cc hioth, 150 cc 

XoALMbUR 23 — Ei((il.fas( Jlieul and huttei liom stock, cntmeal, 01 1 gm , 
egg milk shell \ inixtuu, 215 0 cc , watei 120 0 cc collee, 70 0 cc , milk, 330 0 
cc Luncheon Bicad ind huttci fiom stock, iice 01 1 gin cnstaicl, 93 1 gm , 
chicken, 12 2 gm , watci, 200 0 cc, soup, 170 0 cc, milk, 250 0 cc, gifiAJj 
25 0 c c Euppci W itei, 200 0 c c egg milk biiciij, 235 0 c c , soup, 170 0 c c 

XoALStiim 24 — Bical.fust Bieid and huttei fiom stock, binana, 42 7 gm , 
watei 220 0 cc , sausage 40 4 gm , codec 70 0 cc , milk, 100 0 cc Luncheon 
Rice, 88 0 gm , peas, 52 3 gm , tiiikei, 41 5 gm , milk, 225 Oc c , watei, 210 0 
cc , hioth, 180 0 cc IJuiiiig \ficinoon milk, 250 0 cc Euppci Chicken, 24 3 
gm , ipplc since, 7l) 7 gm , milk, 470 0 cc , hioth, 80 0 cc , witei, 210 0 cc 

XoiLAiriR 25 — Eic(il.]a‘;f Banan.i 42 8 gm , oatmeal, 04 (i gm , watei 210 0 
cc , milk, 510 0 cc , codee 70 0 cc Luncheon Rice, 47 8 gm , spinach, 43 8 
gm , chicken, 33 1 gm , watei, 210 0 cc , hioth, 170 0 cc , milk, 250 0 cc , giavy, 
55 0 c c Dining nioi iiiiig jMilk, 250 cc Eujipci Biead, 10 4 gm , lamb, 23 8 
gm , peaches, 04 0 gm , egg nulksliciij inixtnie, 230 0 cc , milk, 470 0 cc , 
w itei 230 0 c c , hioth, lOO 0 c e 

Xo\rMDiR 20 — Bi cal. fast Biead, 30 7 gm , oatmeal, G7 0 gin, beefsteak, 

28 5 gm , milk, 420 0 cc , watei, 100 0 cc , codee, 70 0 c c Luncheon White 
sauce, 40 0 gm , apple sauce, 08 2 gin , hiead, 25 0 gin , w'atei, 200 0 cc , milk, 
225 0 e c , soup, 100 0 c c Dm ing day Witei, 200 0 c c 

Foi the whole expeiinient Giaham hiead 530 0 gm , wmte hiead, 213 4 gm , 
hnttei, 012 5 gm , silt 5 0 gm 

We neglected to Aveigh the patient at the end ot the expeiiinent, but 
she appealed to be steadil’^ gaming m weight and stiength and theie was 
a consideiable letention of nitiogen 

The accoinpaip ing tables gne tlie lesults 
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1 \DLE 1 —METHODS OP ANALYSIS AND AAIOI MS LSED 




■Vniounts Used foi 

Vnahsis 


Method 


Dune Pood*’ 

Peces 1 


of 


t c 

gni 

gm 


All iU sis 

xN 

3 

1 

1 


Kield.ihl 

( aC) 

200 

10 

1 


AIcCiiulch iP 

MgO 

200 

10 

1 


McPiudclen* 

,s 

30 

2 

‘> 


Poiin- 

I’.Or 

30 

2 

1 


Neumann' 

* lotil weight 1104 7 gni t Total 

weight 24G 7 

gm 



TABLE 2- 

— iNALlSIS OF URINE D \Y 

BY DAI 


D i\ 

N 

CaO 

MgO 

S 

I’/h 


gm 

gm 

gm 

gm 

gm 

1 

8 08 

0 291 

0 10(. 

0 390 

1 092 

2 

8 40 

0 291 

0 119 

0 048 

1 G80 

) 

1 

10 28 

0 111 

0 119 

0 7 !4 

1 840 

4 

10 08 

0 170 

0 107 

0 71(> 

2 020 

j 

9 30 

0 11 3 

0 121 

0 030 

1 948 

0 

10 30 

0 130 

0 131 

0 710 

1 880 

7 

10 92 

0 110 

0 129 

0 804 

2 072 

8 

11 32 

0 298 

0 120 

0 702 

1 990 

9 

10 70 

0 477 

0 045 

0 788 

2 048 

10 

9 32 

0 278 

0 121 

0 084 

1 930 

Tot il 99 08 

1 144 

1 151 

7 112 

19 112 

* The mine in ihscs W( ic made m diuilicite 



,BLE 3 

—COMPARISON OP ANALYSES OP URINE, POOD 

\ND I'ECE; 



N C’aO 

MgO 

S 

P.Oo 



gm gm 

gm 

gm 

gm 

T line 

total 

99 (,8 1 344 

1 131 

7 112 

19 112 

Pecos 

totil 

11 72 3 8 80 

1 40 

1 024 

1 3 37 

3otil outgo 

111 4 22 14 

4 33 

8 14 

54 08 

Tot il 

intake (food) 

121 4 21 17 

4 09 

10 0 5 

53 33 

Ketention 

10 0 

0 14 

1 89 

0 87 

JjOSS 


0 97 




Pei cent lotained 

+ 8 1% — 4 0% 

+ 1 0% 

+ 18 8% 

+ 2 4% 


* The food and feces &n il^scs nctc m ide in tiiplic it< 


DISCUSSION 

Foi a collect inteipictation of tlie figiiies, t]ie peicentane aecniaei 
of the lesiiHs should be known It is not necessaiv to gne the eights 
of all the final pieeipitates Mith a discussion of the accuiac’^ of each 
since the appioMinate accuiaci' of the methods can be judged bi am one 
familial Mith them The last figuies in each case in tlie lepoitcd balances 
aie piobablv collect to AMthiii a feiv figuies — that is the letention of 
intiogen lies betiveen 9 98 and 10 02 gm , the loss of calcium o\id between 

0 93 and 1 01 gm , etc " 

4 ilcCuulden F llie Quantitative Sepaiatioii of Calcium and Aragnesuiiii, 
etc Join Biol Clieni 1910 mi S3 

0 Folin, 0 Sulphate and Sulpliui Deteiniimlioiis Join Biol Clieni 1903, 

1 131 

() Noimiaiin A Einfaelie c ei i asdunigs Methode etc Ztsclii f jilnsiol 
Clieni 1902 vwmi 131, Nacliti ige /m S luiegeniiscli Vei la'^cliung Zt^clii f 
pln^^iol Chein 1904 \liii 35 

7 Ihe piohable limits of c\pei iniental ciioi aie about as follows 

X S CiO MgO PO 

lotal iiime ±0 2 ±0 03 ±0 01 ±0 01 +0 03 

Feces ±0 02 ±0 01 ±0 01 ±0 02 ±0 07 

3aking the liigei of these two sct-^ as the jio-vible tnoi foi the tot il outgo 
we get 

lotil outgo ±0 2 ±0 03 ±0 01 ±0 02 ±0 07 

Foi food the tiguie> lie about as folbiw" 

Food ±0 2 ±0 03 ±0 04 ±0 02 ±0 07 

'1 ikiiig the liigei of eich of Ihe^c two st(^ ^oi the enoi in the baltiue we g< t 
Balance ±0 2 :+;0 03 “0 04 :x0 02 ~O07 
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Tt IS plain that theie was a definite loss of calciinn accompanied In a 
letention of all othei elements and that the amounts lost and letaiiied 
weie outside the limits of e\pei iniental eiioi The question aiises Is 
the amount lost a significant amount The significance of the loss 
depends paitly on the amount metaboli/ed, paitly on tlie lelative lo'^s of 
othei substances The amount of calcium o\id lost in tivehe daiss iias 
about 1 0 gm , neaih 5 pei cent of the amount in the food and ovci 
tliiee times the aieiage clail-^ amount in flie mine, and is piobably lo«t 
chiefly thiough the mine foi the amount in the iiiine is neail} double 
the noimal rmtheimoic eien thing cKc i\a<5 being ictaiiied, the reten- 
tion lunning fiom 3 pei cent in the ca«e of magnesium to 19 pei cent 
in the ca'je of siilplnii Tlie^^c lelations cannot be noimal Towle'’ ha« 
pointed out that theie is a paiallelism in the metaboli‘?m of nitiogen and 
calcium 111 health and in disease iinle‘'S Aei’\ laige quantities of calcium 
aie especially gneii And thi« has been found to bo tiiie foi othei 
elemental The balance given in Table 4 was found in the case of a 
health} boy 

'lAllLL 4 — ^IlTAllOIlSM OP A IlPAI fin ]l0\ 



N 

s 

CaO 

:MgO 

1 otal intake 

80 in 

0 138 

14 90 

3 20 

lotal outgo 

71 40 

5 222 

12 42 

2 53 

Balance 

-fl4G4 

-f- 010 

-f 2 57 

-1-0 73 

Per cent 

-fl7 0 

-1-14 0 

-1-17 1 

-1-22 4 

The lesults of Hoffstiom,^® 

wdio studied the metabolism 

of a picgiiaiit 


woman foi a long peiiod, show'ed similai paiallelism in retention between 
nitiogen and mineial salts 

The letention of suljihui and magnesium is gieatei in piopoition 
than that of nitiogen and coiiesponds to a giowth of tissue iichei m 
sulphui and magnesium than an} of the soft tissues — such a tissue 
as bone This condition is in accoid with McCiudden’s conception 
legaiding the piocess going on, namely, that bony tissue is being catabo- 
lized and that the new^ bone laid dowm to leplace it is pooiei in calcium 

8 The loss of calcium and letentiou of magnesium and sulphui aie not so 
gieat in this expeiiment as in the e\pei uncut on which my conception of the 
etiology and process w^is based In one of those expeiiments theie was an ayeiage 
daih loss of neaily 1 gm of CaO (Am Jour Phj'siol , 1006, xvii, 211), and 
Beigei (Piesse mCa , 1905, xiii, 249), speaks of a case in which he anahzed the 
mine onlj and found 0 0 gm CaO pei day Hie patient was in lelatiyely good 
condition at the time of the present investigation, piobably as a lesiilt of the 
good Ingienic enMionment If w'e could have studied hei condition wdien the 
piocess was inoie active, gieatei losses might have been expected 

9 lowle C Calcium Metabolism wuth S 2 iecial Eefeience to Exophthalmic 
Goitei Am Joui Med Sc , 1010 cxl, 100 

10 Hoffstiom K Eine Stoffw echseluntei suchung w ihiend dei Schwangei 
sclnft, Skandin Aich f Phjsiol, 1910, xxiii, 32G 
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but ricber in sulpbm and magnesium than normal bone, similai to osteoid 
tissue plus magnesium salts. 

The clinical couise of this case of osteomalacia is in accord with 
McCrudden^s conception of the etiology The various bony tumors need 
lime salts for their growth and, as already pointed out in earliei papers, 
the bones act as a reservoir of lime salts from which the body may diaw 
in time of need 

The tendency of the body to overproduction, to the continuation of 
an activity once started aftei the need for activity has ceased to exist, 
IS shown in this case The haid tumors which were probably responsible 
for starting the increased catabolism of bone were no longer actively and 
rapidly growings yet the flux of calcium salts from the bones continued 
and, as shown by the metabolism experiment, the calcium was simply 
excreted There aie many analogies for this process. Under the name 
of "functional inertia,” Hanis^^ points out that it is as fundamental 
and important an attiibute of living matter as irritability itself He 
deflnes functional ineitia as “that property of protoplasm whereby living 
matter contrives to remain m a functional stains ouo ante notwithstand- 
mg that it has received a stimulus, or, having responded to the stimulus, 
it contrives to exhibit its functional activity for a certain time after the 
stimulus as a form of eneigy has ceased ” The condition may be com- 
pared with that of a heavy dooi which, when at rest, requires a certain 
time to get into full swing after it has been pushed and, when moving, 
takes time to stop if held Of examples of latent period in starting 
activity, there is the latent period of muscular contraction, that occurimg 
after glands are stimulated thiough their nerves and before they begin 
to secrete, and that occurring before the heart-beat begins to accelerate 
its rate when the augmentor or accelerator nerves are stimulated Of 
examples of contmued activity after the oiigmal stimulus has ceased 

11 Furtliei evidence to tins effect lias recently appealed King, Bigelow, 
and Pearce (Evpeiimental Obstructive Jaundice, Jour Exper Med, 1911, 
XIV, 148) have shovui that the calcium content of the bones decreases in cases 
of obstructive 3 aimdice m vliich calcium is needed to neutralize the toxic eff'ects of 
the bile acids Schmidt (Verhandl d deutsch path Gesellseb , 1909, xiii, 3) 
has pointed out that the decrease of calcium in the bony system in rickets is 
accompanied by an increase of tins element in the soft tissues such as muscle 
and liver, and Higbee and Ellis, in a recent paper on osteitis deformans (Jour 
med Besearch, 1911, xxiv, 43) — a condition which is recognized as one of local- 
ized osteomalacia — state that calcification of the arteries is so common in the'e 
cases that it has been mentioned as a possible etiological factor. 

Dr Charles F Painter of Boston has called McCrudden’s attention to the 
occurrence of a late variety of non-racliitic bow-legs occurring in children about 
the time the epiphyses begin to harden Is it not possible that a flux of calcium 
might be started by the demand for this element bv the hardening epiphvsos 
analogous, in a way, to the physiologic osteomalacia noted by Hanau and Wild 
in the pehic bones of pregnant women’ 

12 Harris, D The Functional Inertia of Living Matter, London, 1908 
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It IS plain that theie Avas a definite loss of calcium accompanied by a 
letention of all otliei elements and that the amounts lost and letaiiicd 
were outside the limits of expeiimental eiioi The question aiises Is 
the amount lost a significant amount? The significance of the loss 
depends paitly on the amount metaholi/ed paitly on the lelaWe loss of 
othei substances The amount of calcium omcI lost in tweli^e dai's uas 
about 1 0 gm , neaih 5 pei cent of the amount in the food, and ovei 
thiee times the aveiage daily amount in the uiinc, and is piohably lost 
chiefly thiough the uiine foi the amount in the uiine is neaih double 
the noimal ^ Tuithennoie even thing el^^e vas being leiaincd, the leten- 
tion lunniiig fiom 3 pei cent in the case of magnesium to 19 pei cent 
in the case of sulphui These lelations cannot be noinial Towle'’ has 
pointed out that theie is a paiallelism in tlic metabolism of nitiogen and 
calcium in health and in disease unless veiv laige quantities of calcium 
aie especially given And this has been found to lie tine foi olhei 
element^ The balance gueii in Table -1 vas found in the case of a 
healtl^ boA 

Tatjli: 4 — Meiaboiisai oi a IIlaitiia Boa 



N 

S 

CaO 

]\IgO 

lotal intake 

8G 10 

0 138 

14 99 

3 20 

lotal outgo 

71 40 

5 222 

12 42 

2 53 

Balance 

+ 14 04 

+ 910 

+ 2 57 

+ 0 73 

Per cent 

+ 17 0 

+ 14 9 

+ 17 1 

+22 4 


The results of ITofFstioni,^® Avho studied the metabolism of a piegnaiit 
AAoman foi a long peiiod, shoAved similai paiallelism in retention betveeii 
mtiogen and mineral salts 

Tlie leteiition of sulphui and magnesium is gioatei in piopoition 
than that of mtiogen and coiiesponds to a gioAvth of tissue iichei in 
sulphui and niagiiesiiim than any of the soft tissues — such a tissue 
as bone This condition is in aceoid Aiitli MeCinddeii’s conception 
regarding the piocess going on namely^ tliat bony tissue is being catabo- 
lized and that the neiv bone laid doAvn to leplace it is pooler in calcium 

8 Ihe loss of calcuim nnd letention of iingnesiuni and sulphui aie not so 
gieat in this expciinieiit as in the expeiinient on mIiicIi niy conception of the 
ctiologA and piocess was based In one of those expei iinents theie Mas an aiei ige 
daih loss of neaily 1 gm of CaO (Am Joui Phjsiol IQOG, wii, 211), and 
Beigei (Piesse m6a , 1905, xiii, 249), speaks of a case in ivhich he analyzed the 
uiine onB and found 9 0 gm CaO pei day Ihe patient Mas in lelatively good 
condition at the time of the present in\ estigation, piohably as a lesult of the 
good Ingieiiic eniiionnieiit If M'e could have studied hei condition Mheii the 
piocess Mas iiioie actiie, gi eater losses might have been expected 

9 loMle C Calcium Metabolism Muth Special Eefeienee to Exophtlnlnuc 
Goitci, Ain Join Med Sc, 1910, cxl, 100 

10 Hoffstiom K Eine StoffM'echseluntei suchung m ihiend der ScliMangei- 
schaft, Skandin Aich f Plnsiol, 1910, xxiii, 32G 
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but iicber m sulpliiir and magnesium than normal bone, similai to osteoid 
tissue plus magnesium salts 

The clinical couise of this case of osteomalacia is in accord with 
McCrudden^s conception of the etiologj^ The various bony tumors need 
lime salte for their growth and, as already pointed out in eailier papers, 
the bones act as a reservoir of lime salts from which the body may draw 
in time of need 

The tendency of the body to overproduction, to the continuation of 
an activity once started after the need for activity has ceased to exist, 
IS shown m this ease The hard tumors which were probably responsible 
for startmg the increased catabolism of bone were no longer actively and 
lapidly growing, yet the flux of calcium salts from the bones contmued 
and, as shown by the metabolism experiment, the calcium was simply 
excreted There aie many analogies for this process Under the name 
of ^Tunctional inertia,” Hariis’-^ points out that it is as fundamental 
and impoitant an attiibute of living matter as irritability itself He 
defines functional ineitia as “that property of protoplasm whereby living 
matter contrives to lemain in a functional status auo ante notwithstand- 

JL 

mg that it has received a stimulus, or, having responded to the stimulus, 
it contrives to exliibit its functional activity for a certain time after the 
stimulus as a form of eneigy has ceased ” The condition may be com- 
pared with that of a heavy dooi which, when at rest, requires a certain 
time to get into full swing aftei it has been pushed and, when moving, 
takes time to stop if held Of examples of latent period in startmg 
activity, there is the latent peiiod of muscular contraction, that occurimg 
after glands are stimulated through their nerves and before they begin 
to secrete, and that occurimg befoie the heart-beat begins to accelerate 
its rate when the augmentor or accelerator nerves are stimulated Of 
examples of contmued activity after the oiigmal stimulus has ceased 

11 Purtliei evidence to this effect has recently appealed King, Bigelow, 
and Pearce (Evpeiimental Obstructive Jaundice, Jour Exper Med, 1911, 
XIV, 148) have shown that the calcium content of the bones decreases in cases 
of obstructive jaimdice in which calcium is needed to neutralize the toxic effects of 
the bile acids Schmidt (Verhandl d deutsch path Gesellsch , 1909, xiii, 3) 
has pointed out that the decrease of calcium in the bony system in rickets is 
accompanied by an increase of this element m the soft tissues such as muscle 
and livei, and Higbee and Ellis, in a recent paper on osteitis deformans {Joui 
ined Besearch, 1911, xxiv, 43) — a condition which is recognized as one of local 
ized osteomalacia — state that calcification of the arteries is so common in the'C 
cases that it has been mentioned as a possible etiological factor. 

Dr Charles E Painter of Boston has called JtIcCrudden’s attention to the 
occurrence of a late \ariety of non-raclutic bon -legs occurring in children about 
the time the epiphyses begin to harden Is it not possible that a flux of calcium 
might be started by the demand for this element bv the hardening epiphvces 
analogous in a nay, to the physiologic osteomalacia noted by Hanau and Wild 
in the pehic bones of pregnant women? 

12 Harris, D The Functional Inertia of Living Matter, London, 1908 
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may be mentioned the continuation of aceeleiated heait action foi a time 
aftei stimulation of the augmentoi nervous apparatus has ceased^ the 
continued oveipioduction of fiee receptors which, according to Ehrlich’s 
theory, is the explanation of acquired immunity and the oveipioduction 
winch Weigert has pointed out is character islic of all tissue repair 
These examples aie analogous to the continued catabolism of the lime 
salts of bone after the original stimulus for this pi ocess has ceased 
It IS not improbable that ovei production may be another example of the 
factors of safety with which as Meltzei^^ has pointed out, the bodi is 
so well endowed 

The recurrence of attacks of osteomalacia earlier and earlier in suc- 
ceeding pregnancies, and the increasing sever it}'^ of subsequent attacks, 
make one think of the more severe and rapid production of s3TOptoms of 
ceitain diseases e g , serum disease and others after a previous inocu- 
lation — a kind of alleig},^® or, to put it still more broadly, ^^a cell 
stimulated to perform a certain act not only continues to perform that 
act for some little time after the stimulus has ceased, but, vliat is more, 
on a second occasion a slightei stimulus v ill induce the like series 

It ought to be emphasized that the conception regarding the etiology 
and process m osteomalacia outlined heie is, of course, based not on these 
theones of functional inertia and allergy, hut on the facts obseived in 
chemical clinical and anatomical ini estigations The analogies are cited 
merely to show that, in all probability, the process in osteomalacia is but 
a special example of certain more general laws governing the modus 
operand! of living matter 

SUMMARY 

The findings m the present case of osteomalacia are, then, in accord 
with the views outlined in this and previous papers- legaiding the process 
and etiology of osteomalacia and give further support to these views 
The loss of calcium and retention of magnesium and sulphur are in 
accord with the conception of the process in osteomalacia, as one in which 
the bone. IS undergoing metabolism but in which the new bone laid down 
IS an osteoid tissue pooi in lime salts but richer than noimally in magne- 
sium The presence of bonj’’ tumors preceding the osteomalacia is in 
accord with the conception that the starting point in osteomalacia can 

13 It IS not improbable that another example of such ovei production oi func 
tional inertia is the change in the metabolism brought about by moipliinism 
which enables the body to destroy increasing amounts of morphin but which con- 
tinues and has a damaging effect on the organism itself if the drug is suddenly 
withdrawn 

14 Meltzer, S J The Factors of Safety in the Animal Structure and Economy, 
Harvey Society Lectures, 1906-1907 

15 T Pirquet, C Allergy, The Archives Int Med, 1911, vii, 259 and 382 

16 Adami The Principle of Pathology, 1910, i, 195 
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usually, if not always, be tiaced to a demand for calcium salts And tbe 
continued excretion of an excess of calcium when the bones leally need 
this element is in accord with the conception regarding the importance 
of overproduction in bunging about the softening of the bone 
Si\ty-Sixth Street and Avenue A 



THE PHTHALEIH TEST 


AN EXPERIMENTAL AND CLINICAL STUDY OF PIIENOLSULPHONEPHTHA- 
LEIN IN RELATION TO RENAL FUNCTION IN nEALTH 
AND DISEASE 

L G ROWNTREE, MD, and J T GERAGHTY, MD 

BA.LTIMORn 

Plienolsiilplionephthalein, which was first desciibed by Eemsen/ is a 
bright red ciystalline powdei, someiibat soluble in water and alcohol and 
leadily soluble in the piesence of alkalies The drug, as determined bj'' 
Abel and Eowntree,- is nori'-ioxic, non-ii i liani locally, and is excreted 
piacticall}’ entnely by the kidneys and with extraordinari'^ rapiditj’’, 
appearing in the mine normally ivitlnn a few minutes of injection In 
alkaline solution it presents a brilliant led color which is ideally adapted 
for quantitative colorimetiic estimation 

TECHNIC 

In oui eailiest work only the time of appearance, the time of maxi- 
mum intensity of exeietion, and the time of gross elimination were con- 
sideied In the course of the uoik it became evident that the color 
propeities of this substance make it peculiarly well adapted for colori- 
metric methods of estimation, and for this puipose the Duboscq colori- 
meter was employed and has proved of the gieatest value 

In ordei to obtain data of real value it is essential to any functional 
test to know, not only the time of appearance of the drug in the urine, 
but exactly what pait of the drug, a Icnown amount of which has been 
admmistered, is recovered in a definite period of time 

Twenty minutes to half an hour before administeiing the test, the 
patient is given 200 to 400 c c of water in older to insure free urinary 
secietion, otherwise delayed time of appearance may be due to lack of 
secretion 

Under aseptic piecautions a catheter is introduced into the bladder 
and the bladder completelj’^ emptied Uoting the time, 1 c c of a care- 
fully prepared solution® of the phenolsulphoneplithalein containing 6 mg 

*From the Pharmacological Laboratory of the Johns Hopkins University and 
the Genito-Urinary and Medical Clinics of the Johns Hopkins Hospital 

1 Eemsen Am Chem J our , 1884, vz, 280 

2 Abel and Rowntree Jour Pbarm and Evper Therap , 1909, i, 231 

3 This solution is obtained as follows 0 6 gm of phenolsulphoneplithalein 
and 0 84 c e of double normal sodium hydroxid solution are diluted with 0 75 per 
cent sodium chlorid solution up to 100 c c This gives the mono-sodium or acid 
salt, which is led in color and which is slightly irritant locally when injected It 
IS necessary, therefore, to add 0 15 c c more of the twice normal hydioxid, a quan- 
tity sufficient to change the color to a beautiful Bordeaux red This preparation 
IS non-irritont 
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to the c c IS accurately administered subcutaneously^, intramuscularly or 
intravenously by means of an accurately graduated syringe ^ 

The urine is allowed to drain into a test-tube in which has teen placed 
a drop of 25 per cent sodium hydroxid solution and the time of the 
appearance of the first faint pinkish tinge is noted 

In patients without urinary obstruction the catheter is withdrawn at 
the time of the appearance of the drug in the urine, and the patient is 
instructed to void mto a receptacle at the end of one hour and into a 
second receptacle at the end of the second hour 

A rough estimate of the time of appearance can be made by having 
the patient void urine at frequent intervals without the use of the 
catheter In prostate cases it is wise to have the catheter in place until 
the end of the observation The catheter is corked at the time of the 
appearance of the drug in the urine and the cork is removed at the end 
of the first hour and at the end of the second hour, the bladder being 
thoroughly drained each time On many of the patients of this type on 
whom our observations have been made, a retention catheter has been in 
use as part of the routine treatment on account of the residual urine 
When a catheter is to be employed it is well previously to have the patient 
under the influence of hexamethylenamin 

Each sample of urine is measured and the specific gravity taken 
Sufficient sodium hydroxid (25 per cent ) is added to make the urine 
decidedly alkalme in order to elicit the maximum color The color 
displayed in the acid urine is yellow or orange, and this immediately 
gives place to a brilliant purple-red color when the solution becomes 
alkaline This solution is now placed m a liter measuring-flask and 
distilled water added to make accurately 1 liter The solution is then 
thoroughly mixed and a small filtered portion taken to compare with the 
standard, which is used for all of these estimations 

In our earlier work the amount of drug excreted was estimated by 
means of the Duboscq colorimeter, the technic of which has been described 
in our original publication ' 

Eecently the Autenrieth-Komgsberger coloiimeter'^ has been modified 
by us and utilized for the quantitative estimation of phthalein A 
standard alkaline solution, 6 mg of phthalein to the liter, is placed in the 
wedge-shaped cup The urine, collected as for the other method, is 
diluted to a liter and a small filtered portion poured into the rectangular 
cup The wedge-shaped cup is now manipulated by means of the screw 
until the two sides of color field are identical m intensity The per- 
centage is now read directly by the position of the indicator on the scale 

4 We have used the Eecord 2 c c syringe which is graduated in fifths of a c c 

5 This instrument is manufactured hv Hellige in Freiberg, our modification 
can be obtained from Hvnson and Westcott Baltimore !Md 

*Jour Pharm and Evper Tlierap 1909 
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This mstiument is iiell adapted foT the puipose, is approximately 
accurate, and is much cheapei than tlie Duboscq colorimetei 

Taiily accuiate estimations, houever, can be obtained by means of 
graduated cylinders— equal quantities of the standaid solution and the 
diluted urine being used in sepaiate e 3 dinders and the densei solution 
being diluted until the colois become identical The amount of drug in 
the solution being Icnoivn, the amount in the mine can be readily 
calculated 

Wlien the collected uiine has been made stiongly alkaline it is neces- 
sary to estimate the phthalein within a few hours as the red coloi fades 
gradually under these conditions When it is desnable oi necessary to 
defer the estimation for some houis or days, it is bettei to make the urine 
distinctl} acid, undei which condition the phthalein remams unchanged 
It should of course be made alkaline again when the estimation is made 

The method heretofore utilised in connection with other tests, of 
determining the time necessary foi total elimination, is eiioneous for the 
following reason Wlieieas in the case of phthalein, a normal kidney 
excretes the greater part of the die injected within two hours of the time 
of its administration, and then only a small tiace foi the next two hours, 
the moderately diseased kidney secretes a fair amount within the fiist two 
hours, say 50 per cent of that excreted by the noimal kidnei^ but the 
concentration in the blood still being high it continues to exciete a fair 
amount in the following two hours, so that at the end of four hours little 
difference may exist in the total work accomplished One-hour and at 
most two-hour observations are therefore recommended In cases in 
which onW slight changes m function exist this can be most accurately 
demonstrated by one-houi collection following the use of an intra- 
muscular (lumbar) injection 

THF INTLUEXrCE OF THE ROLE OF ABSORPTION ON THE RATE 

OF EXCRETION 

It must be admitted that a factor other than renal excretion, viz, 
absorption, enters in consideration m connection with the test when the 
phthalein is administered subcutaneously or intramuscularly Obviously, 
a considerable error is introduced from the standpoint of absorption in 
the use of the subcutaneous method, when factors, such as edema, which 
may modify the rate of absorption, exist On this account the excretion 
m health following different methods of administration has been studied 
in some detail 

INTRAMUSCULAR AND SUBCUTANEOUS ABSORPTION OF 
SULPHONEPHTHALEIN 

Meltzer and Auer® were the first to demonstrate that absoiption from 
the intramuscular tissue is much more rapid than that from the subeuta- 

G Meltzer and Auer Jour Exper Med, 1905, vii, 59 
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neons tissues They worked with epinephnn^ cuiaie^ fluoiesein and 
moiphin, and demonstrated beyond doubt that these substances found 
their way into the geneial circulation much more rapidly when the 
injections aie made into the muscles Patta'^ was unable to detect any 
use of blood-pressure following the intramuscular injection of epinephrm 
and concluded that the results obtained by Meltzei and Auer® were in 
leality due to mtiavenous injections Wallace,® working with epmephim, 
obtained results identical with those of Meltzer and Auer, but also felt 
that the results weie dependent on tearing of the veins and were in 
leality intravenous injections Joseph and Meltzei,® in their work in 
1 elation to physostigmin in poisoning by magnesia salts, again demon- 
stiated intiamuscular absorption to be far superior to subcutaneous 
Aiiei and Meltzer,^® by methods used with specific intention of detecting 
whetbei the rapidity of intiamuscular absoiption was dependent on the 
teaiing of veins during the injections or to the direct insertion of the 
needle into a muscle vein, pioved satisfactorily that such accidents weie 
not responsible foi the rapidity of absoiption, but that rapid absorption 
occuis through the walls of the blood-vessels of the muscles In the same 
communication they also asserted that absorption from the lumbar is 
much superior to that from the gluteal muscles 

Phenolsulphonephthalem, by virtue of the pioperties wheieby it is 
lapidly and quantitatively excreted by the kidney, furnished an excellent 
method of studjnng this pioblem An investigation into the comparative 
quantitative excietion of phenolsulphonephthalem following these two 
methods of admimstiation was consequently undertaken 

The fiist expel iments were carried out on bitches The time of 
appearance of the drug in the urine following subcutaneous admmistia- 
tion of 1 c c of phthalem solution (6 mg ) and the quantitative output 
of phthalem for peiiods of varying lengths weie determined The lumbar 
muscles of these dogs were then exposed by a small incwion, direct 
intiamusciilai injection made, and the time of appeal ance of the drug m 
the niine and the quantitative output for coriesponding peiiods again 
deteimmed Pmallj^, intravenous injections weie given and 'similar 
obseivations veie again made 

The time of appearance was determined as follows A catheter was 
passed into the bladdei and then 1 c c of sulphonephthalem was injected 
subcutaneously, mtramusculaily oi intravenously The bladder vas then 
injected at 30-second and one-mmute intervals with small quantities of 
waim steiile bone solution and this ivas immediatelv drained into flasks 

7 Patta Arch ital de biol , 1900 "vlvi 4G3 
S Wallace Med Pec , 1907 K'xi, 87G 

9 Josepli and Melt7er Jour Plmrni and Expei Tlierap 1909, j, 3G9 
10 Auer and Meltrer Jour Exper Med 1911, xiii, 328 
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containing a few diops of sodium hydioxid The first appearance of 
phthalein in the uashings was noted and the amount of drug excreted 
for the vaiying peiiods was then deteimined 

The results obtained from these observations appear in Table 1, from 
a study of which it will be seen that the time before appearance is 
shortest for the intiavenous and that the drug appears much more 
rapidly (3 5 to 7 mm ) following an intiamuseular than following a 
subcutaneous injection (5 5 to 12 minutes) The amount of excretion 
is dependent on the amount of absoiption, the kidney function not 
playmg a role inasmuch as the same dogs were used throughout for these 



Chart 1 — Curve of excretion in a dog for one hour, estimations being made 
at ten-minute intervals • Upper black line repiesents the excretion after intra- 
venous, the dotted line after intramuscular (lumhai) and lowei black line after 
the subcutaneous administration 

experiments, the kidney function being therefoie approximately the same 
It appears that the absorption for one hour from the subcutaneous tissues 
averages from 5 to 10 per cent less than that from the intramuscular, 
while at the same time considerable variation (37 to 62 8 per cent ) exists 
in the absorption for the same dog (Dog 5, Table 1) The absorption 
from the intramuscular tissue for one hour appears to display less varia- 
tion (58 8-68 per cent ), but the absorption is not absolutely complete, as 
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the excietion for one hour is somewhat less than that following intra- 
venous injections 

The difference, however, in the absorption from these two methods 
of admmistiation is much more striking when one-half hour observations 
are taken — over twice as much absorption followmg intramuscular injec- 
tions as compared with subcutaneous (Dogs 4 and 5, Table 1) This 
suggested to us the idea of the necessity of comparing the curve of 
excretion in order to obtain the real difference in the rate of absorption 
Estimations were made at ten-minute intervals following injections by 
all three methods of administration A comparison of the excretion in 
one dog (ISTo 6, Table 1) is indicated in Chart 1 A similar comparison 
for the excretion in man following intravenous, lumbai, gluteal and 
subcutaneous administration is shown in Chart 2 

Table 1 — Coimpaeisou of Excretion of Phthalein in Dogs Following Intra- 
venous, iNTRAilUSCULAR (LUMBAR), AND SUBCUTANEOUS 

V Administration 

Time of Appearance Amount 1st % Hour Amount 1 Hour 
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Intra- 
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Sub- 
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Intra- 


cut 

mus 

ven 

cut 

mus 

ven 

cut 

mus 

ven 

Dog 1 


5 

lYa 



54 9 

574 

6G7 



5 

2 



54 6 

66 

58 5 

62 5 
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G 





47 7 

55 5 



10 






47 7 
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(*) Not read 


EXCRETION IN NORiMAL INDIVIDTJALS AND VARIATIONS DEPENDENT ON 

3IETH0DS OF AD3IINISTRATION 

The excretion has been studied in several hundred normal individual^ 
In our earlier work subcutaneous administration was used exclusively 
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the dlug appealing m the mine in fiom five to eleien minutes, 40 to 60 
per cent (average 50 per cent ) being excreted in the fiist hour aftei its 
appeal ance in the mine, and 60 to 85 per cent for two hours In health 
the elimination is piacticall} completed in two houis, only a trace being 
present during tlie thud and fourth houis 

On account of the large laiiations in exciction m normal individuals 
folloving subcutaneous admini^tiation, it vas thought a laige part of 
this variation might be due to tardiness of absorption The excietion 
folloving intianiusculai (gluteal and lumbai) injection vas consequent^ 
iniestigated After gluteal injection (tliiiteen leadings in twelve indi- 
viduals) vaiiations fiom 41 7 to 62 5 pei cent were encountered (Table 
4) foi one-houi leadings (ten minutes being allowed foi time of appear- 
ance) an average of 51 per cent being eliminated 



Chart 2 — Cui ve of excretion in a man for one hour, estimations being made 
at ten-minute inteivals Upper black line represents excretion following intra- 
venous injection, upper dotted line, excretion following lumbai injection, lowei 
black line excietion following gluteal injection, and the lower dotted line repre 
sents excretion following subcutaneous injection 


In tw^enty-one readings on fourteen normal individuals the variation 
following lumbar injection (Table 2) was from 51 8 per cent to 64 1 
per cent , except in Case 10, m whicli the first test read 40 2 per cent , 
and there being some doubt as to the accuracy of the technic, three sub- 
sequent control injections were given showing an output of from 60 to 
61 per cent on each occasion The average output of the twenty readings 
was 57 5 per cent This would seem to indicate that adsorption plays 
lut a small role m affecting the accuracy of the test when one-hour 
determinations following mtralumlar injections are employed 
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Table 2 — Ietkamusculae Injection, Lumbar 


Case 

Tune of 

Percentage Excreted 



Appearance, 

1st Half 

2nd Half 

1 Houi 



Minutes 

Hour 

Hour 


1 

G 

8 

35 7 

16 1 

51 8 

2 

D 

6 

19 2 

35 7 

54 9 

3 
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G 
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16 6 

62 4 

4 

S 

7 

32 5 

21 8 

54 3 

5 
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7 

32 3 

26 3 

58 6 
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21 7 
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26 3 
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Table 3 — Intravenous Injection in Normal Cases 

Case 

Time of 

Percentage Excreted 



Appeal ance, 

1st Half 

2nd Half 

1 Houi 



Minutes 

Houi 

Hour 


1 

U 

5 

56 8 

23 3 

80 1 

2 
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4 
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64 
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K 
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4 
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Intrayenous injections have been employed (Table 3) 

v'ltb tliree 

ideas in vievr, namely in order to determine, 

first the total excietion for 

one bom , 

second wbat variations in kidney function existed m normal 

individual 

s, and third 

to Avbat extent absorption vas re- 

5pon=ib]e for 

variations 

in excretion 

The output for one hour (twenh 

readings in 
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fourteen individuals) aveiaged 67 9 per cent, considerably higher than 
that from other methods o£ admimstiation The excietion varied from 
62 5 to 80 per cent, uitli one exception. No 9, who excreted 67 8 per 
cent This individual gave a somevhat low output folloumg all methods 
of administration, although no other evidence of renal disease could be 
di'^coi ered 

Table 4 shows the variations in percentage excretion for one-hour 
periods in the same individuals following subcutaneous, gluteal, lumbar 
and intiavenous administration 


Table 4 — Excection ix Normal Individuals Following Four Different 

jMetdods of Administration 
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By studying the curve of excretion (Chart 1) for five- and ten-mmute 
intervals it was found, however, that from 30 to 35 per cent is excreted 
in the first ten minutes after appearance, this being half the total 
excretion for one hour It at once becomes apparent, this being true, 
that observation for one-hour periods are subject to the same criticism 
that would apply to observation over four or five hours following sub- 
cutaneous injection or a study of total excretion When intravenous 
administration is employed, obseivation for more than one-half hour 
should not be used, the amount of excretion for this time being almost 
equal to that for two hours following the subcutaneous injection It 
has 3 ''et to be determined if the same reliance can be placed on the 
intravenous readings as can be placed on the subcutaneous, or especially 
on the lumbal method of administration, as well as what decrease in 
excretion occurs in disease following the intravenous administration f 

yFiirther investigation lias shown that the intravenous method of administra- 
tion IS not as accurate as the intramuscular, especially where ureter collectors are 
employed The normal variations in the functioning power for such short periods 
as fifteen minutes or one-half hour are too great 
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The stiikmg rapidity of elimination in the first few minutes following 
intravenous injection results, of couise, fiom the coneentiation of the diug 
in the circulation, each cubic centimeter of blood going to the kidney-cells 
carrying more phthalein than by any other method of administration 

THE IHELUENOE OF VARIOUS DIURETICS ON THE EXCRETION OE 

SULRHONEPHTHALEIN 

Because of the fact that many of the patients on whom the functional 
test IS made are lenal, caidiac, oi cardiorenal cases, and therefore the 
subjects of an induced diuresis, it becomes at once desirable to know what 
infiuence these various diuretics exert on the secretion of the drug m 
the uiine , or, in other words, what changes in renal function, as indicated 
by the test, occur under the infiuence of diuretics and to what extent 
these changes occur 

A study of the infiuence of diuretics is of value fiom another point 
of view, inasmuch as the processes whereby diuresis is induced vary 
consideiably with the different classes of diuretics, consequently allowing 
inferences to be drawn regarding the mechanism of excretion of sul- 
phonephthalein fiom the infiuence these vaiious classes exert on its 
excretion 

Two methods of ascertaining the influence exerted by diuretics have 
been used 

1 The effect of their admmistiation on the output of sulphone- 
phthalein in cats which received a constant inflow of sulphonephthalem 

The method here adopted was as follows Cats were lightly etheiized 
and given by stomach-tube 0 35 gm chloi butanol (known commei ciall-^ 
as chloietone) pei kilo (The chloibutanol was finely giound in a mortal 
and then washed into the stomach with 50 to 100 c c of water ) The 
cats weie allowed to come out of the influence of the ether and were not 
used until one and one-half or two houis had elapsed Into one femoral 
vein was inseited a cannula which was attached to a buiette filled with 
a solution of phenolsulphonephthalein Into the othei feinoial a cannula 
attached to a thiee-waj'’ stop-cock was inseited Aftei tjnng the neck of 
the bladder a small glass cannula with a capacity of only two or three 
drops was tied into an opening in the bladder in such a way that the 
open flanged edge of the cannula came in apposition with the two ureteral 
openings, the apposition being such that in mani instance' on com- 
pression of the bladder-wall ovei the bell of the cannula, not a drop, or 
at most only one or two drops of urine could be pressed from the distal 
end of the cannula The abdominal wall was closed except at the exit 
of the bladder cannula and an incandescent electric light was placed ju=t 
a few inches above the animal the whole being covered with a large towel 
in order that the body temperature be maintained 
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TJiidci such conditions it was found that an excellent uiinan secretion 
could be constantly obtained foi long periods Man) of the animals 
having been gi\en anothei small dose of ehloietone together with hot milk 
by stoinaeh-tube at the end of a day’s expeiiment weie found in such good 
condition the following moining that obscivations weie continued 
throughout the second day 

ITioin the buiette the solution of sulphonephthalem was allowed to 
lun into the feinoial vein, G mg of the diug being administered at the 
tiist infection The phthalein was dissolved in eithei 0 8 per cent salt 
or in Eingoi’s solution, in some instances 0 6 mg to c e , in otheis 2 mg 
to the c c The time elapsing befoie the appeal ance of the diiig in the in me 
was noted, this being usually fiom one and one-half to font minutes 
Collections weie then made usually foi fifteen-minute periods, occa- 
sionally foi twent)^, and in one oi tuo instances for one-half hour periods 
At the end of each period the receptacle into which the uiine drained was 
changed and sulphonephthalem vas again allowed to run into the vein, 
a constant amount, usuall} IS mg, for each period Wheie the period 
of collection was longer the amount of phthalein injected was of course 
greater, as for instance in Expeiiment 23, the amount of phthalein 
injected each period being 3 mg in 15 c c Emger’s solution and the 
period of each collection one-half hour 

Collections were made for three oi four such periods prior to admin- 
istering any diuretic in order that an idea of the average excietion for 
each period could be had foi comparison with the output under the 
influence of the diuretic It was found that m some instances the output 
of phthalein remained approximately the same over periods of one to one 
and one-half hours, although the output of urine varied considerably 
The diuretic was now administered through the other femoral vein 
and its influence on the amount of urine, the amount of sulphone- 
phthaleiu as estimated by the Duboscq colorimeter and on the reaction 
of the urine noted (sulphonephthalem serving as the indicator), observa- 
tion in many instances covering a period of four to eight hours 

The accompanying charts represent the results obtained m some of 
these experiments Each period lasted fifteen minutes, unless otherwise 
stated 

Gaffem — Tins exerts a stimulating influence on the secietory cells of the 
renal tubules and increases their secreting power, von Schioedei,” Anten,^ Ac]d=‘ 
and Sullis” have demonstrated this unquestionably for the frog s kidney and the 
same presumably holds for mammals Undoubtedly it is true that other factors, 
such as change of blood-pressure and increase in rate of flow through the kidney 

11 V Schroeder Aren f evper Path u Pharm, 1886, xxii, 39, and 1887, 

^^ 12 ’ Anten Arch internat de pharmacodyn, 1901, viii, 453 

13 Ach Arch f exper Path u Pharm , 1900, x'hv, 319 

14 Culhs Jour Physiol , 1906, xxxiv, 250 
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(Ach,” Fletcher, Henderson and Loewi“) are additional and important factors in 
the pioduction of diuresis The excretion of the solids under the influence of 
caffein (von SchToeder,“ LoewF®) as well as the water output is augmented 
IBai croft and Stiaub” show that there is a tempoiary increase in the metabolism 
followed by a decrease under the influence of this drug 

The effect of caffein on the excretion of sulphonephthalein is indicated in 
Experiment 14, Chait 3 The average output piior to the administration of 
caffein was 1 2 mg for eacn fifteen minutes, and after the administration 1 5 
mg for the same length of time Marked diuresis under the influence of caffein 
IS theiefore associated with an appieciable increase in the phthalein output 

Sodium Chlond — rational explanation of saline diuresis is that advanced 
by Cushny^® The presence of hypertonic sodium chlond in the blood distuibs 
the osmotic relationship and results in a gieat influx of water into the blood from 



Chait 3 — Expenment 14 Cat Chloibutanol anesthesia Influence of caffein 
on urine output, phthalein excretion and reaction of the mine In this and the 
following chaits the line with solid dots indicates cc of urine per period ind 
the line with rectangles indicates rag of phthalein excreted per period 

the Ivmph spaces hydiemia resulting The livdremia causes an increase in the 
capillaiv pressure m the glomeiuli which in turn promotes the escape of fluid 
into the capsule The resulting diluted urine rapidly flows through the tubule= 
a short time onlv being presented for leabsorption, a marked increase in the 


15 Loevi Arch f exper Path u Pliarm 1005 liii, 15 
IG Loevi Arch f exper Path ii Pliarm 1902 xhiii 411 
17 Barcroft and Straub Jour Plivsiol 1011 xli 145 
IS Cushny Join Phvsiol 1001 x-xin 440 , and 1902 xxini 4"1 
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amouni of in mo socicled theiefore lesults TJns as a purely mechanical process 
and can be icpiodnced point for point m the dead animal (Sollmann) 

Hypertonic sodium cliloiid, eien nlien the diuiosis is enormous, causes no 
increase m output of sulphoncplithalein, indeed the average output foi fifteen- 
minute periods is slightly decreased from 1 25 mg before to 1 15 mg after tlie 
admmistiation (Chart 4, Experiment 12) We know that the output of sodium 
chlond under the conditions of this cxpeiiment is greatly increased and therefoie 
conclude that the excretion of phthalein bears no relation to sodium chlond excie 
tion 



Chart 4 — ^Experiment 12 Cat Chlorbutanol anesthesia Effect of sodium 
chlond and urea on urine output, phthalein excretion and reaction of the urine 
In addition to the lines already explained the double line in this and following 
charts indicates distinct alkalinity of the urine 


Urea — ^Urea being a diffusible substance has been thought to produce diuresis 
in the same manner as sodium chlond, that is by salt action The work o 
Cullis, liowevei, which we are able to confirm, shows that in the frog’s kumey, 
when only the tubules are allowed to participate in the formation of urin^ salines 
fail to produce diuresis, whereas urea elicits an abundant secretion ^is cer- 
tainly indicates that the action of lirea differs somewhat from that of sodium 
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clilorid, in fact, it indicates that urea exerts a stimulating effect on the cells of 
the lenal tubules just as caffein does Furthermore, Barcroft and Straub have 
shown that during uiea diuresis, moie than the normal amount of woik is per- 



Chait 5 — ^Experiment 18 Cat Chlorbutanol anesthesia Effect of urea on 
urine output, phthalein escietion and leaction of the mine 



Chart G Experiment 22 Cat Chlorbutanol Effect of dextrose on urine out- 

put, phthalein excretion and reaction of urine 
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formed by the cells of the tubules, no such increase being deinonsti able duiing 
the course of a saline diuiesis The fact that uiea increases the evcietion of 
Bulphonephthaleiii -while sodium chloiid does not influence it at all, or decreases 
it, also suggests that a diffeieiice in the method of action exists Whereas in 
oui experiments sodium chlorid diuiesis -was accompanied by the early appearance 
of alkalinity -which peisisted foi a long peiiod, alkalinity was obtained only 



Chart 7 — Expeiiment G Cat Chloi butanol anesthesia Effect of calomel on 
uiine output, phthalem excretion and reaction of uiine Each period twenty 
minutes 



Chart 8 ^Expeiiment 20 Cat Chlorbutanol anesthesia Effect of potas 

Slum acetate on urine output, phthalem excretion and leaction of urine 


with considerable difficulty during the urea diuresis, which is another point 
indicating difference in method of action In one experiment (Chart 4 ) a slight 
decrease in the phthalem excretion under the influence of sodiuin chlorid an 
the same time a slight mciease under the influence of urea, wliile Chait 5, anothe 
“perTent sLows^ very aeflp.te ™se .n phthplem output unde, a ur.a 
diuresis The difference in the nlkalinity in the two eupiu iments is stiikin^ 
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Dextiose — Dextrose resembles urea closely in its action It is also capable 
of stimulating secretion by the tubules in fiogs as was shown by Cullis Chart 
6, Experiment 22, indicates that it also slightly inci eases the phthalein excietion 
Calomel — Calomel is classified as an iiiitant diuietic laising the glomerular 
piessure by dilating the renal arterioles It possibly stimulates also the vital 
secietoiy function of the lenal cells This latter is suggested by the decided 
inciease of phthalein excretion in Chart 7, Expeiiment 6 

Potassium Acetate — Although this is supposed to exeit only a salt action, it 
will be seen fiom Chart 8, Experiment 20, that an increased phthalein output 
Avas elicited 

Digitalis — Digitalis pioduces diuiesis entirely through circulatory changes, 
1 e, increase in heart action and increased blood-supply regardless of the slight 
vasoconstriction which accompanies its use The solids may not share at all in 
the diuresis They lemain the same or at most are but slightly increased The 
phthalein output does not increase under the influence of digitalis, in some cases 



Chari 9 — Expeiiment 8 Cat Chloibutanol anesthesia Effect of digitalis on 
uiine output, phthalein excretion and reaction of the urine 

remaining the same In one instance a decided deciease was encountered during 
the course of a maiked diuresis (Chart 9, Experiment C) 

Pliloihizin — According to Loewfi® tins is not a diiect diuretic, the diuresis 
really resulting fiom a loss of leabsorption poiAer in the tubules Cullis,’* on the 
other hand, shows that it has some direct stimulating effect on the tubules and 
also that by perfusing it tliiougli the frog’s kidnev a reducing bodj can be 
obtained The vork of Barcroft and Stiaub” also indicates that the secretion is 
an active process As vill be seen in Chart 10 Experiment 23, a slight increase 
fiom 1 75 to 1 93 mg for one half hour periods lAas obtained following its use 
Ringer’s Solution — Only a slight diuresis was obtained vitli Einger's ■solu- 
tion (see Chart 11, Experiment 21), and at the same time practically no effect 
on the phthalein output Urea in this instance did not increase the phthalein 
output, this being the one instance in fiAC axperiments 

Potassium Kitratc — Under the conditions of the expeiiment this salt produced 
diuresis ivliile sodium nitrate failed on seicral occasion- flie pota=sium ion 
must therefore plav some role in the production of diuresis a<= veil o': the nitrate 
ion The salt as a diuretic falls into the same group o': the ■■odium chlorid 


19 Loevi Arch f oxper Path u Pharm 1903 1 320 
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Practically no influence is o\eited on the phthalcin excretion (Chart 12, Experi- 
ment 30), the average output before and after being 108 mg 

Under the conditions of oui experiments it was found that those 
diuretics which aie known to exert some stimulating influence on the 
activity of the secieting cells, or those diuretics in connection with, which 
evidence is at hand indicating a stimulating action on the secietmg cells 



Chart 10 —Experiment 23 Cat Effect of phlorhizin on urine output, phthalem 
excretion and reaction of the urine Each period one-half hour 

(caSein, urea, dextiose, phlorhizm, calomel), slightly increase the 
phthalem output, whereas those diuretics which act entirely by changes 
in osmotic tension or by changes m blood-pressure, etc (hypertonic 
sodium chlorid solution, potassium nitrate and digitalis), apparently 
have little or no effect on its excretion 
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THE EFFECTS OF DIURETICS OH PHTHALEIH EXCRETIOH IH 
NORMAL INDIVIDUALS 

The phthalem excretion following intramusculai (lumbar) injection 
was studied in a number of normal individuals who were then given by 
mouth various diuretics in the usual dosage for twenty-four hours 
previous to repeating the test The collections were made for one hour 
following the time of appearance of the phthalem in the iiime The 
drugs employed were digitalis, calomel, diuretin, cafiem, the ward 



Chart 11 — ^Experiment 21 Cal Chlorbutnnol anesthesia Effect of Einger's 
solution and of urea on the urine output and phthalem excretion 

diuretic-” usually employed at the Johns Hopkins Hospital, and Basham’s 
mixtuie of iron 

20 Ward diuretic 
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The lesults obtained may be seen m Table 5 No appieciable effect 
on pbtlialem excielion could be detected in any instance with the ordi-' 
nary tbeiapeutic dose Eelatiiely ranch laigei doses weie used m the 
animal expeiiments 



Clmit 12 — Experiment 30 Cal Clilorlnitnnol anestliesin Effect of potassium 
nitrate on the urine output and phthalcin cxcietion 


Table 5 — ErrncTS or Various Diorutics oa* PiiTiiAruix Excretioa* in* Normal 
Individuals, Eoli owing Intramuscular (Lumbar) Injections 

01 PuTIIALriN 


Name 

Normal 

Excretion 

Per cent 

Diuretic 

E 

02 5 

Caffoin gr iii, t i d 

31 

00 2 

Diuietin gr xv, q 4 hr for 24 lirs 

31 

00 2 

Calomel gr 1/10, q V:i hi up to 8 
doses Test 2 hrs after last dose 

s 

03 2 

Diuretin gr x\, q 4 hi for 24 his 

S 

63 2 

Caffem gr in, t i d for 24 hrs 

w 

48 

Basham’s mixture 5ii, q 4 hr for 
24 his 

P 

56 4 

Ditto 

s 

46 7 

Ward diuretic 3ii, q 4 hr 

Y * 

60 9 

Tr digitalis m xv, q 3 hr for 8 


45 5 

66 0 

doses 

^Subcutaneous injections 


Excretion 
After 
Diuretic 
Per cent 
62 5 
60 9 
60 2 

617 
64 1 
51 6 

56 2 
46 5 
60 2 


THE INFLUENCE OF DIURESIS ON THE REACTION OF THE URINE 
In 1873, Talck-^ called attention to the fact that the urine becomes 
alkaline following the administration of large amounts of salt solution 


21 Falck Virchow’s Arch f path Anat, 1872, ha, 315 



L G R0W1\^TREE—J T GERAGETY d03 

by stomach oi intiavenously Giiiber^- recoided similai observation in 
1887 In his work on caflein, von Sehioeder^^ encountered the same 
phenomenon invoked by this diuretic when the nerves to one kidney weie 
destioyed The mine from the side with dmiesis was alkaline, that from 
the other side was still acid 

Eudel,-® in 1892, made a careful study of this subject working with 
numerous diuretics and found that alkalinity very commonly resulted 

Katsuyama-^ studied particularly the influence of caflein, urea and 
diuretin in this respect Under their influence the alkali, estimated as 

^^alkaline chloiids,^^ is gieatly inci eased, sodium oxid is always inci eased, 
potassium oxid may or may not be increased, and these changes can 
ooeui undei the influence of eaffein even without marked diuresis Urea 
increases the chlorin and sodium oxid and alkaline ehlorids only slightl] 
Diuretm increases markedly the alkalinitj^, as ^^alkalme chloiids,” chloiin, 
potassium oxid, sodium oxids are all increased 

A change in reaction (alkaline urine) has been noted in many of our 
diuretic ex^eiiments We have noted it after destroying the nerve 
connections of one kidney in two mstances even when diuretics were not 
admimsteied In two other instances under similar conditions it failed 
to appear 

Under the conditions of oui experiments, as set forth in the descrip- 
tion of oui work with diuretics on cats, alkalinity of the urine is indicated 
by the urine assuming a purplish-red color The ease with which a 
change in reaction is invoked vanes very considerably with the various 
diuretics 

THE SPECIFICITY DISPLAYED BY THE KIDNEY IN THE EXCEETION OF 
PHTHALEIN AND THE CONCENTRATION CAPACITY OF THE 
KIDNEY IN THIS REGARD 

Six mg of phthalein given subcutaneously to a patient weighing 60 
kilo yields a dilution in the bodj^ of 1 in 10,000,000 An infinitely dilute 
solution is presented to the kidne}', which within one hour under normal 
conditions picks out 50 per cent of these ciiculating molecule'; and parses 
them on into the urine, sometimes as much as 3 mg being excreted in 
12 c c of urine — a dilution of 1 in 4,000, or 2,500 tunes the concentration 
m the blood I\flien the amount of blood only is considered in the 
question of dilution, the concentrating pover still remains several 
bundled, for when 6 mg is given intravenously as much as 20 per cent 
can be reeoiered in five minutes in 2 or 3 c c of urine 

At the same time m either instance, the same concentration is 
presented to the liver to the pancreas salivary glands, etc and jet only 


22 Gnibor Festschrift 1SS7 quoted from Hiidel 

23 1111001 Arch f exper Path ii Pharin , 18^2 xxx 41 

21 Katsin ama Zt«chr f plnsiol Chem IShO xxvni 5S7 1001 xxxji, 239 
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a small amount appears in the bile, while not a trace of it can be found 
in the pancreatic ^uice oi saliva The capacity of picking out the mole- 
cules of Bulphonephthalein from infmitel} dilute solution and parsing 
them on into the secietion in compaiatively concentrated solutions is 
theieforc a function specific to the kidney 

MEOnANISM or EXCRETION OF SUEPnONEPIITIIALEIN 

The ideal method of determining the mechanism wheieby a dje sub- 
stance IS excieted is that which was adopted by Ueidenhain,*® in his 
work uitli indigo-caimin, i e , to lemove the kidney duiing the active 
secretion of the dye, tix the dye m siiu, make sections and demonstrate 
the presence of gianules of the d 3 e m the cells actuall} engaged m 
excretmg it Bj’’ thi'? method he demonstrated that indigo-carniin was 
excreted by cells of the tubules 

This method cannot be utilized in connection uith phenol^ulphone- 
phthalein, as all of the ordinaiy fixatives fail to fix this dye in the cells 
Consequently it was found neces'^arj to attempt to asceitain by other 
methods which part of the excreting mechanism is concerned in the excre- 
tion of this body 

EXCRETION BY THE FROG’s KIDNEY 

The work of Nussbaum*® indicating that the renal tubules in the 
frog^s kidneys are supplied by the lenal portal system, which is entirely 
separate and independent of the aiterial supply to the glomeiuli, although 
discredited by Adami,-^ was later shown by N'ussbaum-® and by Beddard=° 
to be absolutely correct The woik of Cullis also affords striking 
confirmation 

Advantage was taken of this independence of circulation to the 
tubules in the frog’s kidneys, in an attempt to discover the method of 
excretion of sulphonephthalein 

Large male frogs, Bana catesbiana, weighmg about 300 gm , were 
pithed, the abdomen opened by long incisions on each side of and parallel 
to the anterior abdominal vein The left Indney was exposed and all the 
arterial connections severed by means of the Paquelin cautery, as 
suggested by Beddard A cannula was then inserted into the anterior 
abdominal vein and a small glass catheter inserted into the left ureter 
A protocol will indicate the course of the experiment and the results 
obtained 

Einger’s solution was perfused from a Mariotte flask through the 
renal portal system under a pressure of 35 cm of water Perfusion from 

25 Heidenhain Herman’s Handbuch der Physiologie, v, 348 

26 Nussbaum Pflnger’s Arch , 1878, xvi, 139, and 1878, xvii, 580 ^ 

27 Adami Jour Physiol , 1886, vi, 382 

28 Nussbaum Anat Anzeiger, 1886, i, 67 

31 Beddard Jour Physiol , 1902, xxvm, 20 
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the renal portal vein for about fifteen seconds every three minutes was 
begun at 12 30 p m and continued until 2 25 p m, no fiow of urine 
resulting At 2 25 the same solution, but now containing 1 5 per cent 
urea and also phenolsulphonephthalem (60 mg to 100 cc), was per- 
fused Diuresis became apparent at 2 40 p m At 3 50 p m the uime 
reached the distal end of the catheter and was found to contain consid- 
erable phthalem At 4 10 p m a saturated aqueous solution of Prussian 
blue was injected, the kidney immediately removed and placed in absolute 
alcohol Serial sections were later made but not a trace of blue could 
be found in any of the glomeruli Identical results were obtained on 
adding cafiein to EingePs solution during the course of a purely venous 



Cliart 13 — The dotted line represents the phthalem excretion and the black 
line the amount of albumin in the urine in grams per liter 

This furnishes absolute proof that phenolsulplionephilialcvi can he 
excieted hy way of the cells of the tuhnles m the frog and presumably 
the same holds true for mammals 

In another frog a puiel)’’ arterial perfusion, bj’’ the method of Cullis, 
vas made with hjpertonic sodium chlorid solution Here also the 
phthalem was excreted, but under these conditions both tubules and 
glomeruli participate 

THE INFLUEKCB OF ANE:MIA 

Bareroft and Straub^" have shown that after excluding the function 
of the renal tubules by profuse bleeding and the administiation of large 
quantities of BingePs solution, an isotonic urine, a puie glomenilar 
filtrate can be obtained The excretion of phthalem under mch condi- 
tions was investigated A protocol of an experiment in thi= connection 
follows (Table G). 
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Cat Wciglit, 2 8 kg Injection, 0 7 gin cliloietone at 10 a in 12 20 injec- 
tion of 0 nig sulphoncphtlialeiii intia%ononslj At the end of each peuocl ] 8 iiifr 
of phthalcin Mas gncii ° 


Table G — Exciutiok or Piitiiallia Ainn Excilsion oi Function or Ela vl 


2 

3 


Time 

Turns B\ Biildiag 

Quantih 

Mg 


of Ui me 

Phthalcin 


in c c 

Excreted 

12 43 p 111 

00 

1 020 

12 58 

0 0 

0 951 

1 13 

07 

1 020 

1 28 

OG 

0 789 

1 44 

00 

0 918 

1 58 

08 

0 714 

1 53— bled 

33 5 cc and injected 40 cc 

Eiiigei’s solution 


0 0 


2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 
4 
4 
4 
4 


13 

p 111 

02 


0 357 

28 


1 2 


1 128 

43 


1 S 


1 128 

42 

2 47 — bled 40 

c c and inioctcd 50 

c c 

Ringei’s 

58 


09 


OGIS 

13 


14 


0 999 

08 

to 3 12— bled 

30 c c and injected 

50 

c c Ringei’s -j- 0 0 in 


phthalein extin 



28 

00 

0 375 

43 

04 

0 300 

43 given 15 c c 

Ringei’s solution 


58 

04 

0 234 

08 gnen 20 c c 

Ringoi’s solution 


14 

04 


29 

OS 

0 207 

37 — bled 35 c c 

and gnen 20 cc Ringer’s solution 


47 

09 

0270 


The blood withdia^n was centrifuged and the amount of phthalein 
pel cubic centiinetei estimated, showing that the amount of diug in the 
blood lucieased considerably duiing the expeiiment, at fiist examination 
containing 0 0068 mg pei cubic centimetei, and in the last 0 0136 mg 
pel cubic eontimetei 

In this expeiiment aftei profuse hemoiihage the excreiioh of phthalein 
decreased to approximately one-fourth of what it was noimally, while 
at the same time the concentration of the drug in the blood was doubled, 
so that with severe anemia the excreting power of the kidney was decreased 
to one-eighth of noimal 

Unless the bleeding be ver}'’ profuse, however, little effect on the 
phthalein excretion will be noted, as can be seen from the preceding 
protocol (Table 8) and from the following protocol as well as from ' 
clinical evidence vtdiich will be presented latei 

Cat — Weight, 2 8 kg Undei cliloietone anesthesia 

12 10 p m — 5 e c 4 per cent sodium chlorid solution 

12 26 p m — 6 mg phenolsulphonephthalein intravenously Di ug appeared 
in urine in two minutes and 18 per cent was excieted in sixty six minutes 

4 50 p m — 50 c c of blood withdrawn and 60 c c of Locke’s solution intro 
duced in its place 
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10 15 p m — 10 cc of 4 pei cent sodium cliloiid 

10 24 p m — G mg of sulplioneplitlialein admimsteied Drug appealed in 
two minutes and 27 per cent was ex:creted in sivtj-six minutes 

These results show that moderate degiees of anemia do not mteifere 
with the excietion of phthalein, but that verj’’ severe degiees of anemia, 
which Straub and Bai croft have shown to result in the entire removal 
of the tubular function of the kidne}^ materiall}^ decrease the output of 
phthalem This would indicate that the tubules are concerned in the 
excretion of phthalem but at the same time shovs that the glomeruli 
also are capable of excreting some of this drug 

OTHER PHENOMENA BEARING ON THE METHOD OF EXCRETION OF 

SULPHONEPHTHALEIN 

The fact that the output of phthalem bears no relation to the excre- 
tion of water and chlorids also suggests that the glomeruli play onlv a 
minor role m its excretion 

It IS asserted by McKnider^- that m experimentally induced acute 
tubular nephritis (produced by mercury bichlorid and by potassium 
chromate — see Schlayer and Hedmgei^®), there is a marked diminution 
m the excretion of phthalem, while m the vascular type (produced b}’- 
cantharides or arsenic) little or no deciease occurs at first but a decrease 
does occui later This also suggests that the glomeruli play a subsidiary 
idle m the phthalem excretion 

The findings in oui work with diuretics (discussed above) i e , that 
those substances which probably act by stimulating into activitv the lenal 
cells, increase the phthalem output, ivliile those diuretics which act onl} 
mechanicallj'-, as by changes m blood-pressure or m osmotic tension, do 
not mfiuence the phthalem output, gives additional confirmation to the 
theory of activity on the part of the cells of the tubules m the excretion 
of phthalem 

THE STUDY OF NEPHRITIS 

Heretofore functional tests hai’^e not been considered of nn-^ great 
value to the clinician m relation to nephiitis In fact hyperpeimeabilit} 
to methylene-blue, mdigocarmm and rosanilm has been shown to exist 
m acute and m chronic parench3'matous nephritis, while, on the otlier 
liand, decreased peimeabilit} with slov appearance and prolonged excre- 
tion has been demonstrated m the chronic interstitial varietv 

32 JIcKnider Personal communication 

33 Sclilaver and Hedingei Dcutech Arch f klin IMcd , 1007, \c 1 and \ci 

34 The excretion of this drug in experimental iiephntide® is nov under '=tud\ 

35 For literature conceinincr other functional te-ts =ee our original article 
Jour Pharm and Exper Tlierap 1010 i, 579 
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THE UtGJJlVEE OF JNTEME'IL MEBWIEE 

AOUTK Nn'HRITIS 

Thus fai we Imve liad opporiiimt} to stud} oul} five cases of acute 
nephiitis 

Casd 1 — The patient sufleied fioni scarlnlinal nephritis, Imd a sc^ere angina 
and showed evidence of graie toxemia It was impossible to determine whether 
Ihe toxemia was due to the nephritis or to the angina An injection of 0 mg 
of the phthalein wms followed by the appearance of the drug in the urine in 
twentj -three minutes Fortj-foui pei cent of the ding was excreted in the 

TABLn 7— rARKNCnYAIiTOUS NEPHRITIS 



Albumin 


1 — L , aged 35 

2 — R , aged 35 


3— R L 

4— W L , aged 32 

5 — M , aged 31 

G — G , aged 34 

7 — P , aged 35 

8 — T J , aged 30 
0 — P S aged 35 

75302 

10— M A _ aged 33 

75555 

11— B 

12 — T S , aged 57 

75581 

13— K 

14 — C , aged 30 


15 — S , aged 23 


16— S P aged 29 
70990 


17— y, aged 48 

18 — Aged 28 

19 — n, aged 28 


20— E W , aged 26 


21 — P S aged 40 

77745 

22 — B D , aged 19 

77423 

23 — Aged 23 

24 — ^Aged 30 


12/0/09 

12/10/09 

12/11/09 

12/1 {/O'l 
12/21/10 
12/20/10 
2/ 1 /lO 
1/2S/10 

3/5/10 

3/15/10 

2/1/10 

4/4/10 

11/7/10 

11 / 0/10 
11/14/10 
11 / 1 1/10 
11 / 21/10 
11/30/10 
11/23/10 
11 / 20/10 
12 / 10/10 
12/29/10 
1/ 3 /II 
1/ 9 /II 
1/17/11 
2/ 7 /II 
1/25/11 

4/11/11 

2 / 10/11 

4/29/11 


3/10/11 
7/ 7 /lO 
3/20/11 
S/28/11 

4/21/11 

4/25/11 


4/18/11 
3/28/11 
5/ 8 /II 
5/6/11 


Some edema and anemia 
Edcm 1 and mild anemia 


Better tllnfcalh 
Better cilnlcalh 
Simptoms two months, mild 
Fair condition 

Vci\ mild symptoms, no edema, slight 
anemia 

Bad, mild uremia pro\Ioiis to admission 
Fair 

Edema, nnomln 
Edema, anoinh 

Edema, dvspnca 

AppaicntB Improved clinlenllv 

Slight edema at times, no other symptoms 

Edema, dyspnea 

Uromle 

Edema , slight , 

Edema, anemia 

Given 0 45 ^nlvnrsnn 12/15/10 
Clinical condition exceedingly grave 
No change 
JIuch bettor 
Much better 

No symptoms, nephiitis detected accldent- 
ally 

Intravenous Injection 
Mild case , 

Labor Induced five dnvs previous to test on 
account of threatened eclampsia, fair 
condition 

nigh blood tension, anemia, some edema 
Uremia , nausea and vomiting 
Edema, dyspnea clinically grave 
About same condition 

No symptoms 
Lumbar Injection 

Edema , anuria for four days before admis 
sion , , 

Backache , no other symptoms 

Acute nephiitis one year, no edema, 

blood-pressure 90 mm Hg 

Tuberculous aithrltls, no clinical symp- 
toms of nephritis 


+ t 

-h-f 

++ 

-f-h 

96 G alb 
96 G alb 

■*++ 

+ 

+ 

'Alb 6 G 
to liter 


374 1,008 

100 

160 1,026 
70 1,016 

73 1,014 


65 1,019 

200 1,015 


5 6 to 

liter 

+ 
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first hour This patient recovered and the nephritis completely cleared up in 
the course of a few weeks 

Case 2 — A patient, with scarlatinal nephritis, was in bad clinical condition 
at the time of the first test He had scanty urine of high specific gravitv, 
smoky from blood and containing much albumin and many casts The prognosis 
seemed bad 

The usual phthalem test was administered, the drug appearing in the urine 
in twenty-two minutes and only 4 8 per cent being excreted in one hour 
Three weeks later, the nephritis having almost disappeared and the clinical 


TABLE 7 —PARENCHYMATOUS NEPHRITIS 


Microscopical 

Findings 

Per Cent of Drug 
Excreted in 

Remarks 

One 

Hour 

Two 

Hours 

Numerous casts 

14,2 


Ureters catheteri/ed and equal amounts from each side 

Casts 

Casts 

10 6 

14 0 

32 0 

Impossible to increase uiihary secietion by forcing Mater 

Casts 

25 0 

41 0 


Casts 

21 1 



Casts 

20 8 



Casts 

30 3 

52 5 


Numerous casts, 

11 9 

20 0 


R B C 




Casts 

52 5 

1 



4 4 

10 0 

Died of uremia two months later 

Feu casts 

20 2 

42 2 

Given 30 mg , but output not estimated 

Casts 

23 8 

40 4 


Fcv casts 

29 

02 

Died 11/lG/lO Autopsy Sereie amyloid nephritis, syphilitic, gen- 



Trace 

eral amyloidosis 

Casts 

23 8 

40 4 


Casts 

75 

18 9 

Recovered , reports herself feeling well at present except for edema 

Casts 


20 4 

(April 1, 1911) 

Casts 


33 0 


Casts 


47 0 

Left hospital in fair condition, but albumin (G gm per liter) and casts 

Casts 

33 3 

51 0 

were still present 

Casts 


31 0 


Casts 


22 0 


Casts 


23 7 


Casts 


43 1 


Casts 


52 7 


Fcv casts 

53 0 

G1 0 

The excretion for flrst half hour after intravenous injection is below 


Subcut 


normal 

Few casts 

54 4 

•47 0 


Few casts 


51 0 


Many casts 

2 0 

30 0 


Casts , few 

14 3 1 

24 3 

Symptoms for six years, only in winter 

Casts 

No drug 

in 4 hrs 

Died two days later in uremia No autop'jy 

Numerous casts 

C 9 1 


Developed erysipelas and following this an empyema yyhich vas 

Numerous casts 


10 0 

drained Died 4/10/11 Autopsy Large yyhitc 1 idneys , <^ubacute 


1 


peritonitis 

Fey casts 

30 7 


Albumin and casts discovered accidentally 

Few casts 

Subcut 




inj 



Numerous casts 

51 0 j 

30 0 

Voided freely after admi'^slon , edema di'^appeared in a fciv d-’ys 




Discharged 4/lS/ll 

Few casts 


GOG 

Left hospital in a few days , felt perfectly well , albumin and ca'’ts 




still present 

Many casts 

54 0 ! 

GCS 

Clinically this case is considered to have a good prognosis 

'^ome casts 


57 S 

No symptoms of nephritis; albumin end c^sts discover* d on roat'''e 


wm 


examination 


\ 


Half lioi r 
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Tiin ii,’G7//i7;« OP n'rnnxiL mjwicipjj 


comlilioii bonifr gieally nnpro\od, as well .is the condition of llio urine, the 
test Mas lepcited, showing the appearance of the drug in scicn minutes and 
an cxcietion of 38 1 ])ei cent foi one Iioui feiv weeks latei the patient was 
entiiely well and cxcieled 50 pei cent of a 30 mg dose in the fust lioui 

Cast 3 — A hoy of 7 je.us had a nephiitis of ohscuro natuic .ussociated wath 
puipuia hemoiilngica and piofu‘~e liemaluna 'Jhc time of appearance of the 
phtlmlcin was not ohtained, hut the patunt excicttd 10 4 per cent in the first 
lioui and 10 1 pci cent in the second hoin Deatli occuricd suddenly lire days 
later from a suspected internal liemoiiliage Jso autopsj could ho obtained 
Casi 4 — A hoj , aged 8, was admitted with tipical acute nephritis of a 
sorcrc giadc, the prognosis being considered uiifaroiahle 3 he phthalein output 
on admission was 11 per cent foi two hours Fom dars later the clinical con- 
dition was much hcttei and the phthalein output had increased to 28 4 pei cent 
foi two lioiii^ Iwo weeks latci the iioplintis had pi icticalh cleaied up and 
the phthalein excretion increased to (»S 8 per cent foi two 110111 “- 

C'Abii 5 — Ihe patient, J, aged 35, was well until a few weeks hefoie admis- 
sion (!Mar, 1010), when he de\ eloped d\‘-pnei and marked edema Marked 
anasarca, low uiiiie output, high specific giaritr huge amount of albumin and 
large nuiiihci of casts wcie piescnt The heut was normal llicre weie no 
signs of uremia 31ie phthalein test, gircn suhcutaiicoush , showed 20 per cent 
excretion for two houis Ihe clinical condition became frraduallv woi&e The 
patient died one week latci without a second tc=t 

Ihc autopsy showed slight chioiiic dilluce iiephiitis with maiked acute diffuse 
ncphiitis 

While no conclu'ions can be diawn fiom fi\e cases, it is suggestive that 
m none of them was theie inci eased peiineabilit}, but that on the cen- 
tral}' the peimeability was maikedly deci eased wdien the condition tvas 
consideied clmicall} giave In some of the eases below', classed as 
chronic nephiitis, an acute exaceibation was associated with the chronic 
nephritis at the time of the test Ueie also the peimeability w as deci eased 
but with the subsidence of the acute process the permeability inci eased 
It should be lemembeied, howevei, that wdien an acute piocess is 
piesent, variations in function may be veiy lapid and that a good elimi- 
nation on one day may be followed watliin a da} or two by a marked 
deci ease in function and vice veisa Consequently, in cases of this type 
the test should be lepeated fiequently 

CimOXIC PAEEMCIITMATOUS NEPHRITIS 
In all, tw'enty-five cases belonging to the so-called type of parenchy- 
matous nephritis have been studied These cases lepresent different 
grades of severity and the duration of the disease varies fiom a few weeks 
to seven years Details eonceining these cases aie seen in Table 7 

In five very mild cases of short duration showing only slight edema, 
with albumin and casts, but wutli a normal uiinary output, the time of 
appearance of the drug and the amount excreted was normal In one of 
these cases (ISTo 5, Table 7) the time of appearance was eight minutes 
and the output 53 5 per cent for one hour Another patient (Ko 15) 
was a student w'ho considered himself perfectly wmll but in whose urine 
albumin and casts were discovered by chance On close inspection a 
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slight edema about the eyes was detected ISTo other evidence or suggestion 
of the disease could be found In this instance 53 pei cent foi the tiist 
hour and 8 6 per cent for the second hour was exeieted following subcu- 
taneous in 3 ection Aftei intravenous infection 46 pei cent was exeieted 
for the first half hour (slightl} deci eased) and 17 per cent foi the 
following houi and a half In three other cases a normal excietion was 
found but all three patients were fiee fiom symptoms, albumin and casts 
being the only indication of disease 

In cases of longer standing oi cases in which the disease is cf ordinary 
seventy the time of appearance has alwa 3 S been dela 3 ed slightly (flora ten 
to twent 3 '--five minutes) and the amount excreted is definitely below 
normal 

In one patient (No 2, Table 7) who has been under constant obsei ration 
for more than a year the time of appearance (twenty minutes) and the amount 
exeieted foi one houi (20 per cent ) has lemained practically unchanged Clin- 
icall 3 ’' his condition is hettei than a yeai ago 

Anotliei patient (No 14, Table 7 — see also Cliait 13), age 30, admitted 
Nov 25, 1910, with secondaiy lues and a definite paienchymatous nepliiitis of 
SIX months’ duiation showed an output of 47 pei cent for two liouis at which 
time Ills uiine contained 50 gm albumin to the litei December 10 Ins plitlialein 
output was 51 pel cent and the albumin 25 gni to the liter, w’liile liis geneial 
condition sliow'ed hut little change Because of the possibility of the nepliiitis 
being syphilitic in origin 0 45 gm of salvarsan was giyen intia-\enousIj Deceni- 
bei 20, Ins condition wais definitely w'oise, uiine decreased m amount and the 
albumin inci eased to 68 gm to the liter, the plithalein output dropped to 31 
pel cent Januaiy 3, Ins clinical condition was veiy giave, albumin 90 gm to 
the litei and the plithalein excretion was 22 7 per cent January 8, Ins condition 
w'as the same and the plithalein output unchanged On Januarj 17, lioweAcr, 
Ins clinical condition was impioved albumin deci eased in amount, and the 
plithalein output inci eased to 43 per cent Fehruaij’ 7, tlie patient was again 
in good clinical condition, the albumin onlj' h gm to tlie litei, wlnle the output 
of plithalein inci eased to 52 7 per cent The blood pleasure tliroughout langed 
fiom SO to 110 and no eje changes weie piesent Although the phtlialein output 
diopped 2^01 ^ pnss 7 i with the exacerbation of the clinical manifestations act at 
no point did it leacli a le^el which w'ould indicate an immediate dangei whereas, 
clinically, death was consideied imminent 

Anothei inteiesting case (No 12, Table 7) is a® follows 

]Mis S, aged 57, admitted No^ 10 1910 with an acute exaceihation of a 
chronic nephritis Symptoms of mild uremia were present and the urine con- 
tained 7 gin albumin to the liter and man^ casts The s-v=(olic blood pre‘--iire 
was 190 mm Hg Her plithalein output was 19 per cent for two hours ‘?he 
gradualh became more uremic and two weeks later was definiteh cornafo^e 
At this time her plithalein output was 20 per cent although licr clinical condi- 
tion was considered ■^er^ gra^e In a few da-vs she regained con=cioiisiio=s nrd 
shortly afteiwaid left the hospital Ten weeks later the patient reported tint 
with the exception of slight edema and dvspnea on exertion, -’ll her ‘-imptoins 
had disappeared 

In the most severe srrades of chrome pnrenclnmatoiis nep]inti= or 
where the disease i= of long standing and associated wnth second'T}' 



TABLE 8— CHEOMC 


Nnnie 


Dnlc 


Cllnlcnl Condition 




W 

Oo 

O 

Sr 


o 

G 


O 

se 


S G 


Albumin 


1— M 

2— F S , ngcd 71 
8 — M, aged 48 

4 — B , aged 55 

5 — S , aged 50 
G— I L, aged 52 

7— McC, aged G5 

8— R, aged 51 

9 — C , aged 89 

10 — n , aged 55 

11 — K, aged 43 

70101 

12 — Mrs M , aged 

21 75742 

13 — r G , aged 71 

75711 


14 — H , aged 05 

75919 

15 — M M . aged 37 

75999 

IG — J B S , aged 
G3 759 IS 

17 — A T , aged 09 

70109 

18 — H G aged 30 

70490 


19 — Dr H , aged 40 

20 — C , aged 52 

21— L M T , aged 

00 

22 — D L O , aged 

47 77449 

23— W T , aged 40 

77208 

24— L G , aged 12 


25— S B G , aged 
55 

Surg No 
25174 

20 — L, aged 50 
7T9S' 

27 — D , aged 70 


28 — F , aged 58 

29 — Dr S , aged 45 


30 — P , aged 55 
77676 


31 — B , aged 50 

77260 

32 — H , aged 56 


33 — F 

34— Dr G 


12/ 0 /09 

2/ 1 /lO 

1/27/10 

2/10/10 

1/20/10 

2 / 8/10 

3/12/10 
1/28/10 
1/31/10 
1 / 1 1/10 
11/ 7 /lO 

11/9/10 

11/9/10 


11 / 21/10 

11/29/10 

12/3/10 

12/3/10 

12/13/10 

1/7/11 

1/9/11 

1/19/10 

1/27/10 

12/n/lO 
1/20/10 
2/ 7 /II 

3/24/11 

3/24/11 

3/28/11 


3/31/11 

12/27/09 

1/ 7 /lO 
1/10/10 
4/25/11 

4/11/11 

5/ 7 /II 
4/24/11 

4/10/11 


4/24/11 

3/30/11 

4/20/11 

6/ 1 /II 
5/ 1 /II 


Arteriosclerosis, mild cjstllls, fair con- 
dition 

Arteriosclerosis, li\portropliy of heart, 
einphj soma 

Arteriosclerosis 
Good condition 


T\plioId, 2d relapse, 3d month of disease 

Good condition 

Mild ncphiltls, good condition 

Ariel losclrrosls , high blood pressure, 220 
mm Ilg 

Ureinln , lilgh grade choked disc, anemia 
set ere 

Arteriosclerosis, osteo arthritis , blood 
piessurc 220 225 mm llg 


ArtcrloscleroslB , blood pressure 190 220 
mm ng 

Nausea, headache, anemia , blood pressure 
215 mm Ilg 

Condition worse 

Cerebral arteriosclerosis , attacks of uncon- 
sciousness , blood pressure 180 200 

Edema, dyspnea , blood pressure 100-180 

Nausea and headache, hypothyroidism , 
blood pressure 110 125 


No stmptoms 

No sjmptoms 

Nausea, headache, ■visual distuibances 

Marked anemia, nausea , blood pressure 
110 , no edema 

Tuberculosis, osteomyelitis , pcislstent hic- 
cough 

Diagnosed on admission, diabetes Insipidus , 
slight grade artciiosclerosis , blood- 
pressure 80 90 mm Bg 

Slight headache, morning nausea , men- 
tally clear, hj per trophy of prostate 

Injection 30 mg phthaleln 

Nausea, vomiting, blood pi esuie 190 mm 
Hg 

Cerebral arteriosclerosis, myocarditis, m- 
physema , blood-pressure 160-215 mm Hg 

Bad clinical condition . , , 

Dyspnea, artciiosclerosis , blood-pressure 

Mai'ked*^ cerebial arteriosclerosis , blood- 
piessure 200 mm Hg 

Arteriosclerosis and hypertoslon , blood 
pressure 170 , attacks of unconscious- 
ness , drowsy and oncoming uremia sus- 

Artl™ierosis, cerebral aiterlosclerosis, 
chronic nephritis , blood pressuie 185 

Marke^eye Ganges, p^tlally 

pressure 190 mm Hg , no edema , good 

Ar?eWer^o°s"pertensm good phys 

No ‘s”ym^P?oms°eycept hyperacidity gastric^ 

trace of albumin and few casts for ten 
years 


5? 


15 

15 
1 5 
12 


14 


25 


110 

134 

45 

120 

02 


500 

132 

470 

132 

48 

102 


2S7 

130 

34 

104 

48 

127 

110 

70 

170 

165 

210 

100 

150 

340 


430 

120 

133 

360 

52 

240 

45 

75 


1,052 

1,017 

1,020 

1.023 

1.024 

1,023 

1,006 

1,008 

1,006 

1,011 

1,015 


1,021 

1,008 

1,014 

1,022 

1,020 

1,012 

1.009 

1.010 

1.007 

1.008 

1,015 

1,005 

1,005 


{ 1,012 

1,020 

1,026 

1,010 

1,026 

1,010 

1,020 


Alb 1 5 G 
to L 
Trace 

■f 

Trace 
-f 

Transient 

+ 

+ 

-f" 

-h 

Trace of 
albumin 
found a 
few times 

+ 

-f 

+ 

+ + 
Trace 
Trace 

•f 

-f 

Trace 

-f 

0 


0 

Trace 

Trace 

-1" 

Trace 

+ + 

-i- 


0 

Trace 
on one 

occasion 

0 


-i- 

Trace 








IM'ERSTITIAL ^EP^RITIS 



Pcicentage of 
Diiig E\ctcted in 


"Mid oscoplcal 
Findings 



Remaiks 




One 

Two 



lloui 

Houis 



1 

1 

1 

Excreted about 1 pel cent foi one lioui , died in uremic convulsions two 

Ilyal and gran 

34 5 1 

1 

48 3 

weeks latei , no autopsj 

casts 


1 


Numeioiis hval 
and gian casts 

23 7 1 

40 3 

1 


Iso casts 

20 5 



Casts 

30 

18 1 


Gran and Inal 

37 0 


casts 

1 


Casts 

21 7 

3j 7 


Occas casts 

2f>- 7 

45 5 


No casts 

51 0 

i 


No casts 

Few casts 

3G 3 

G 9 

Died two months later, no autops\ , sjmptoms chronic uremia 

No casts 

0 0 

! 0 0 

Died 11/14/10 Autopsc Small gianular kidneys with superimposed 

No casts 

G 0 

1 

15 0 

acute hemoiihagic nephritis 

Died 11/15/10, of bioncho pneumonia Autopsy (34G1) Atrophy of 




light kidney fiom old renal thrombosis, left, small, granular kidnej 

llial and gian 

20 0 1 

33 1 


casts 


1 


Fei\ c ists 

l''&\v casts 


11 0 

1 

Repoit 4/4/11 In bad condition, unable to get about, vomiting, head 
ache, etc 

11 7 j 

3 8 

Fois cists 


1 34 7 


Numoious casts 

1 

20 8 


' Foil casts 

' Foil casts 

1 

! 0 0 

Dischaigcd 10/7/11, feeling bettei , headaches and nausea some bettci 


G 0 


I 


4 G 


t'nsts 


8 0 


20 0 

49 0 


Casts 

IS 1 

38 5 


Niinicroiis casts 

C 0 1 

G 0 

Died, uicmia, 4/17/11, no autopsc 

No casts fcM 
, R R C 

0 0 1 

0 0 

Became diow'sv, 3/27/11, died, lucmia, 4/1/11 , nephritis not suspected 



until test given 

‘ Casts 

1 

1 32 2 

1 

Died of tiibeiculous pneumonia, model ate grade of chronic nephritis 

No casts 

i 

1 

[ G 0 

Tiaco of albumin found befoie admission, about 4/G/ll, headache and 
tiace of albumin ind few^ casts in uilne, died, in uremia, 1/10/11 
Autopsj Extreme gnde chionic interstitial nephritis 

No casts 


1 3 0 

1 0 

I' 0 


Trace 

1 

Died in coma, 1/19/10 Aulopsc Extreme grade interstitial nephritis, 
dilTiiso pyelonephritis 


Trace 


5" No casts 

0 0 

Trace 

0 0 

Uiea 15 pei cent, cat liasc low died in mcmia, 4/27/11 

I Casts 


15 25 

C at ilase low 

' Cists 


12 5 


Casts 


38 1 


unicroiis casts 

i 

27 0 

Craniotomi followiiicr operitlon bretme drowsi low urim output 

Feu ( ists 


died uioinic concuisions oiu wnl laltr, prolnbl. Hut( iiictrbatlon 
of mpbritis follow iii-r ith< i arii''-tlK “-I i 



49 0 

‘^onu lunintuiii no iiicmit sMiiptoms d( lolop^d 

( ! < w c isti 

( 


17 9 

11 Id semptoiii'- on ndmi^'ion oi sh_'>t t rebr'l b<mo-rii'p 

C^sl 

2 0 

9 0 

Ciin'cilh consldi n d \f r urnu nrpini'i' 

No 1 " w 


50 0 
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scleiotic change^ the output i« i educed ^el^ luaikedh, and in some 
instances no tiace of Uio ding can be iound in the uiinc IJeie also, as 
in the inteistitial t\pe, tlie ah'-olutc iailuie of e\ciel]on, oi the excretion 
ol a ineie tiace, has been followed uithiii a shoii time by death lioni lenal 
failuie Some details regaiding a feu of these ca«es ma} be of inteiest 

Fcinule, ngecl 28, atlmiiloil in Augusl 1010 (C’a‘.G 18, Table 7) IIistor\ of 
edema of face foi oioi Iwo \eai-, .Sulleud some from lieadache Foi a fe« 
inontlis pi e\ ions to ulnussion Iiad been unable to ^sol^ on account of geiioi.il 
^^cakness On adniission bad nausea and occasional ^omltlng Jlcntalh cleai 
Maiked anemia Some edema of face Uiine contained large amount of albumin 
and numcious casts Output of uuiie small Phtbileni lest gnen and no tiace 
of diu!! could be detected in the urine dining the nc\t three hours She gradu- 
ally bncanio more uremic, the nausea and ^ollutlng Iicconung lathci continuous 
althouga mcntalh clear Death occuired uithm foni dass Xo autopsj was 
obtained 

Another case (Xo 10, 'inble 7), one of siphilitic nephritic, ms of lathei 
peculiar interest A , aged 2.3 admitted Oct 24, 1010, evhibiting seieic 

gencial anasarca and marked djspnca Ssmptoms had e\isted for one month 
Pulse small and of low tension Some anemia Xo signs of uremia Ifeait was 
noimal The urine had 0 gm of albumin to the htei but no casts weie found 
liRce of sugar Some dais aftci adiiiicsion hialinc casts were discoieied 
Xoi ember 8, tho albumin had increased to 30 gm to the liter, although tlie 
dispnea was better and the geneial edema somewliat decreased The phthalein 
output was at this time onlj G poi cent foi two hours Xoi ember 14, the gen 
eial condition seemed about the same, but her phthalein output had decreased 
to a more trace The following day she became suddenly inational and lapidli 
went into coma and died within tw’enty-four hours Autopsj findings Siphilitic 
hepatitis, general amjloidosis, especially of kidneys and spleen, thrombosis of 
right lenal veins and leins of left side of jiehis 

Although the number of cases of chionic paienchjmatous nephiitis 
has not been teij large, sufficient data have been collected to indicate that 
the test IS of decided value m levealmg the functional efficienc} of tlie 
kidney in this condition In the mild cases ver^ little disturbance of 
function IS indicated and it mat be impossible fiom the test alone to 
differentiate this condition fiom albuminuiia unassociated with coaise 
renal lesions When theie is a marked deciease in tlie phthalein output 
maiked renal changes aie present, and when only excreted in traces, oi 
not at all, a grave prognosis should be given even though no signs of 
uremia exist 

OHEOXIC INTERSTITIAL NEPHRITIS 

Twenty-three cases of the tj'P® clinicallj’’ classed as chronic interstitial 
nephritis have been under observation (see Table 8) In many of these 
cases previous to the administiation of the phthalein test no accurate 
idea of the degree of involvement of the renal function could be ascer- 
tained even aftei the most careful clinical stud}^ The phthalein test 
has proved itself of immense value in leveahng the degree of destruction 
of the renal substance, and has demonstrated itself to be of extreme 
importance from the standpomt of both diagnosis and prognosis 
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In most of the cases of this senes the time of appeal ance has been 
markedly delayed and the output of phthalem maikedly decreased, wheie 
the output IS lowest, the delay in appearance is most pronounced The 
time of appearance, however, is not so important as the amount of excre- 
tion Details of some of these eases demonstrate the accuracy of the 
phthalem test 

S B G (No 25, Table 8) aged 55, smgical No 25 174 Admitted Dec 21 
1909, complaining of difficult and frequent uiination These urinary symptoms 
ueie dependent on prostatic enlaigement, the residual uiine amounting to 440 
cc Patient yas appaienth in good plwsical condition, yell nouiished hut 
slightly anemic Uiine slightly cloudi, acid, specific graiity 1010 no sugai 
slight tiace albumin and no casts Uiinaiy output 2,00'0 cc in tyenti foui 
houis, urea langing from 20 to 30 gm for twenty-foui hours The phtlialcin 
test yas given a faint trace appearing in foity minutes and at no time yas 
moie than the merest tiaee detected Eepeated subsequent tests jielded alyajs 
the =ame result One yeeic after admission he began to e\hihit signs of uremia, 
yhicli giadually increased until deep coma ending in death supenened Aiitops> 
Both kidneys piesented marked atiophy, neither organ yeighing one-thiid of 
1101 mal, a seveie giade of inteistitial nephritis being present 

This case is of particular interest because of the fact that the urinan' 
output, the urea, the total solids and the total nitrogen were noimal and 
casts wei e also absent 

The following is a historj'- of a case in which the diagnosis uas pei- 
fecth apparent clinically but m connection with which the test proved 
a stiiking confiiination as the phthalem failed to be eliminated 

Mrs W (No 12, Table 8), aged 21, admitted November 7, with symptoms 
of uremia Patient had had eclampsia in May, 1909, and had ne\ei full^ reco\- 
cred her former health Suffered from frequent attacks of epi^taxis di spnca 
pufiiness of eyelids and edema of ankles On examination marked emaciation and 
palloi yas noted Red blood coipuscles 1,900 000, hemoglobin 22 per cent high 
giado of choked disk, blood-pressure 230, temperature normal Urine yas come 
yliat decreased, specific giaMty 1013 to 1019 albumin 1 9 gm to the liter, no 
casts acetone and diacetic acid positne at times 

Ihe phthalem te«t yas gnon the dav after admission and ‘■hoyed entire 
absence of elimination during tyo hour'^ 

Despite Aigoious treatment coma became deeper and death supericiied file 
daa s hatei 

Autopsy (34G0) ‘^hoyed an extreme grade of infei«titial nephritic uitli a 
siipei imposed acute hemorrhagic nephritis 

In the following case the diagnosis was excocdingl} obscure until the 
cMdence brought foruard b} the test vas added Before the administra- 
tion of the test, nephiitis was onh one of man% possibilities entertained. 

!^^rs 0 (No 22. Table S) aired 47 ndinittod ifarch 23 mn In October lojo 
noted fatigue and dyspnea on diaht exertion togctlur yitli =light Hfiin oi 
loyor extremities In December nausea and vomiting dficloped .-’tid hni bx a 
present almo=t constantly since On examination patient yas poor! no in*-!'!-! 
and shoyed marked anemia Red blood eormi-chs 1 109 fOO Iniroglobin 1". 
percent y lute blocKi cells C 000 kIioIiI incrr asr m r-^rdi ’c diilm - .apt' s],^; -5_ 



Tin: AiianiMiH or i\Tnr\ \h vtjdicjm: 

down uul out slight ‘.Nstolic imnnmi m jmimontn uiex, no odcin.i of c\hcmi 
iic^ Uiinc p.vlo -scllow, specific Kunitj 1011. ulhumin— i tiace, no calls on 
icpcatcd (Tanunahou Jliood-pie^suu I,},! J]\('piounds nogitne Although 
nnu=CMtcd the patient w.is inont.vlh luight and ‘-cenicd in no nninineni dangei 
'Ihc plith.ilein tost Miowod no output in thice lioiiis 'Iwo dins latci the patfont 
becaine inatioinl, djnig within foiti eight hoiiis m nieniic coinuJsioiis Xo 
autopsN was oht lined 

Chionic iicphnlis can exist n\oi a long peiiod without lecogmtion 
anti max cxen exist in the absent e oj albiiinin anti fasts m the unne The 
following IS anothei case illustiaiing the picsenco of neplnitis in the 
absence of po^^iUxe clinica] pi oof anti al-o tlie \ahic of the phthalein 
test in lexealing its existence 

1" G (Xo n, 'lahlc S) aged 71, who had !i id si\ pieiions admissions (for 
nialana febiicula unite liicnniatie fe\u ind utliiitis dofoiniars) dnnng tlie 
last fne -seals, ^^as igain admitted Xo\ 7 1010 for edema of feet and legs 

aeitigo and itlacks of loss of eonseiousnc'S Xiinieinns niinahses dining these 

adnu'-siom filled to donionstiate an\ inoniiK e\cept a tiace of allniimn at one 
■'ingle ox.imin itioii An adsaiieed aitei loscleio-'is and high blood pi cssure weie 
iccoided on jncsiom ulimssions Tin elio^t w is cnipln scniatons tJic heart 
sounds dislint I'lil'-e 72 lognhii Blood pi essiiio 220 Uiinc pale specific 
giasita 1012 acid ilbiunin occasion il tiace, no easts Bhtlialcin examination 
showed an ontinit of onb 7 poi cent foi tiie fust lioni and 10 per cent foi the 

second indicatuuj: a se\eio glide of ncphntis 'J lie next daj definite signs of 

bionchopnemnoma ipiioiiod and the patient died fi\c daxs latoi 

Auiopsij (3401) — Atiopln of the light kidnox as the icsnlt of an old throm- 
bosis of nslit renal arlcn, with cliioinc di/lnse nephritis on the left side, small 
gianulai kulnex 

The following case is an example of tlie difficult} encounteied at 
times in dilTeientiatmg cliiiicall} xxaiious forms of toxemias fiom tiue 
nephritic xrith uremia 

S E (Xo 17, 3'able S) aged 75, admitted Jan 3 1911 in a diowsx' toxic 
condition, had a historx* of chiomc bioiicliitis of long standing associated with 
dyspnea The piescnt illness dated back two months, dnnng which time the eon 
dition had become exaggeiated Tempciatnre was from 99 to 100 P Blood- 
pressuie 100 mg The physical examination of chest levealed a bionchitis and 
some myocarditis The mine ontpni was small, specific giavity 1030, acid, 
albumin 4 gm to the litei, hj aline and gianiilai casts The physician in charge 
made a note saying “patient is ceitamly in niemia” and tieatment foi memia 
was instituted A phthalein test, hmvevei, showed an output of 52 per cent 
for two houis which indicated a function not maikedly impaired Some days 
latei the temperatiiie lose to 103 P and definite physical signs of a pneumonia 
became apparent Patient reco-ieied fiom pneumonia but exhibited myocaidial 
symptoms We have had anothei almost identical case of pneumonia in which 
the phthalein denied up the diagnosis 

The folloxvmg case shoxvs even more stiikmgl}^ the abilit}^ of the 
phthalein test to leveal the presence of nephritis in the absence of any 
definite clinical evidence, being a case in which nephiitis was not sus- 
pected before the administration of the test 
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L G (No 24, Table 8), aged 12 admitted Maicli 27 1911, as an inteicsting 
case of diabetes insipidus llie past histoiy contained notlnng of inipoitance 
e\cept tliat laige quantities of mine liad been loided foi some time and he 
expeiienced niaiked tliiist He was w'ell nourished, not anemic and apparenth 
a iioiniaMooking boy His blood piessuie langed aiound KTO mm Hg Some 
thickening of the ladial aiteiies was noted no definite eje changes 1 lie uiine 
on admission w'as laige in amount, fiom 2,000 to 2,500 cc eleai specific giaiity 
1005-1010 No alhiimtn, no casts At this time no suspicion of nephiitis was 
entei tamed, although a tiace of albumin had been noted once pievious to adinis 
Sion Hie phthalcm test, peifoimed Maich 28, showed an output of only 7 poi 
cent foi tw'o houis Tliiee days latei only 3 pei cent waas e\eieted itli the 
e\ception of the phthalein findings absolutely no eyidences of nephiitis weie 
present at this date A w'eek later he deyeloped headaches, and a tiace of albumin 
111 the uiine appealed He lapidly became uieniic and died, Apiil 9 1911 

Autopsy A most intense giade of chionic inteistitial nephiitis w’as picsent 
with almost complete disappeaiaiice of tlie coitev A slight giadc of acute 
nephiitis w'as supei imposed 

UREMIA 

In tAventy-five cases undei study uiemia has been piesent (see Table 9) 
In sixteen of tliese the nieinia was giave, the patients exhibiting nausea, 
vomiting, drowsiness oi coma and in several instances convulsions In 
the lemainmg nine, mild sjanptoms onl} weie present and had peisisted 
ovei long peiiods Eleven of the sixteen patients wnth gla^e meniia died 
dining the attack In all of iJiese cases the phiJialein ehminaiion was 
zeio 01 a faint tiace only foi two hows 

Of the fite patients lecoveiing fioni then uieniia, ni tvo instances 
the output was 20 pei eent , the uiemia being the lesult of an acute 
cxaeeibation of a chionic nephiitis In two the output was 1-i pei cent , 
in botli of these the uieniia was piecipitated by a double p^e]onep]llltls 
The fifth case was an acute exaceibation in a case of chionic pielo- 
nephiitis in a man previously having had a nephreclomv Tins last 
patient has gieatly impio^ed but at piesent has a two-houi cxcietion of 
13 pel cent 

In mild eases, exhibiting slight but peisisting sMiiptoms of uremia 
the exeietion lespectively was as follows 10 pei cent in one, 7 pei cent 
in three cases, a tiace in one, 2 per cent in the othei for two houis Foiii 
of the patients died wnthin tliiee months of the peifoinianco of the tc'-t 
Those liMiig aie still exhibiting OMdences of chionic uremia fciii months 
having inteneiied in one instance 

In fixe patients who did not exhibit iiiemia at the tunc of the tc-t 
but 111 whom the phthalein output was below 8 pei cent foi two houis 
one excieting 0 pei cent died within two months one excntinc 3 j'oi 
cent in one month, and the orhei= aie =till Iniiig one aftci foni month- 
one aftei two months and the oihei afiei thiee weib- Imi all ir- at 
piesent exhibiting cxidence of (hionic uieinia 

In two patients (Xo- 38 and 39 9 able 9) n'>t ( vhibit'm: nuin a hut 
with a inaikedh darca-cd phthalein oiitmu ojirMtion with h-mr 
anesthcsia in each instance w i= followed 1)> nrfinia end dt >th 
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^nInc 


1 — S . ngod 

57 758S1 

2— M A^.jjKCtl 38 

T.lo'io 

8— N K JiKcd i8 
75401 


1 — W npod 
21 75742 

5 — 81 M npcd 37 
75800 


G— II G . nuod 30 
7Gi')G 


7 — A T , ngcd 43 


S— G G . igcd 2S 


0 — L M T , ngcd 
GO 

10 — D L 0 ngcd 
47 77440 


11 — S B G, ngcd 
55 S 25174 


12— M 

18 — r E , ngcd 37 


14— W J , aged 71 


15— V W , aged G7 
S 2495S 


16 — W , aged 45 

17 — J , aged 35 


18 — Dr S , aged 45 
77672 


19 


20 — I S D aged 
50 77S83 

22 


24 — L G aged 12 
77459 


25 — P , aged 27 


Date 


11 / 20/10 
11/ !0/10 
11 / 0/10 
11/1 4/10 
11/7/10 


11 / 0/10 
11 / 20/10 
12/ 4 /lO 
1/7/11 


1/9/11 
1 / 10/11 
1/27/11 
12/1 1/10 


12 / 10/10 

7/11/10 


2/7/11 

3/27/11 


12/17/00 
1/7/10 
1/14/10 
12/ 0 /OO 


1/3/11 

1/7/11 


I/O /II 
1 / 11/11 


2/11/10 


2/18/10 
4/ S /lO 
4/18/10 
11/14/00 


11/24/00 

12/15/09 

1 / 21/10 


4/10/11 
5/ ? /lO 


Cllnlcnl Condition 


4/11/11 

4/15/11 


4/25/11 


3/28/11 


3/31/11 

12 / 10/10 

12/19/10 


Ac o\nceibatlon of n cin ucpliiHl';, edema 
In uieniia, dIo\\^\ 

S\i)hllitlc nipliiltla, d\hpnen 
TOernlc 

Blood pie‘'<;ai<‘ 220 had had mippiession 
nnd slight diouslness ‘•oine da\s pl(^l 
ous to If St, no signs ol uicinlt wlien 
^ ti st ghen 

Nausea nnd vomiting, high giade choked 
disk, se^cie anemia 

Edemn, neuousiKss, hendndic , hlood pies- 
suie 21“ 

Nausea nnd aomltlng, decrciscd urine 
output 

II\pothMoldi‘-m n lusen nnd headache, 
blood pic-siue 110 12") 

Condition unthanged 
ID diarg\ I Ism acute 
Hotter no nnusea oi he idnchc 
Gcnetnl anasaic.i , m\ocnrdItIs, ntterlo 
stkiosls, initial insufllctent\ , hlood- 
jiussuio 160 220 

Consldeud to hn\e incipient uremia 
Nnusea, sonilting, cht parencln matous 
nephritis 

Nnusea, slight headnchc, chr Intoistitlnl 
ntphiltls \lsunl dlstui banco 
Maiked innsnica, nnusea, blood pressure 
140, no edema, chionit Interstitial 
nephiltls 

Slight headache, nnusen In moining 
Jlentnllj cleni , Inpeitiophy of prostate 


Chi Intel stltlal nephritis svmptoms of 
uicmln appealed one neck after test 
Blinteial calculous pconcphrosls , nnusen 
and tomiting 

Under Indiothernpc some Impiotcment, 
nausea and Aomltlng bcttei 
Still hcttei 
Again moie uiemia 


Carcinoma of piostntc, double p>clo- 
neplultls, slight nausea 
nns nnusea nnd some aomltlng 
Much hcttoi , no nnusen oi ^omitlng 
Feels ■well, gencinl condition excellent 
Il^peitrophj of prostate, septic tempcia- 
ture 

Dlo^\SJ , tempointiirc septic, uremic 
Better, not uremic, evening temp 100 F 
Good condition 

Pj elonephiitis of solltarj kidnej , xom 
Itlng nnd nausea severe 
In fair condition , no svmptoms of uiemin 
Acute nephritis, edema, small mine out- 
put, not uicmic 

Clu nephritis, marked cerebral niterio 
sclerosis, hlood piessuic 200 mm Hg, 
no signs of uremia 

Ilj^pertiophy of prostate, moderate resid- 
ual, history of uremic attack one veni 
previously, given an intravenous injec 
tlon of phtlialein 

Arteriosclerosis, chi nephritis, blood- 
piessuie 190 , , 

Chi interstitial nephritis, blood-pressure 
180-200, hemorrhagic letmitis , general 
anasarca , moderate nausea and vomiting 
Diagnosed diabetes insipidus on admis 
Sion , blood pressure 85 , no sign of 
uremia 


Nothing to suggest nephritis 
Hyper tiophy of prostate, pyuria 
Has some fever , somewhat drowsy 
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TWENTY-FIVE CASES OF UREMIA 


Mlciotipoplcal 

Findings 


Numoious casts 
Nunieions casts 
Few casts 
I ew casts 
Few casts 


No casts , 

Few casts 

Fou casts 

Few' casts 

Few casts 
Few' casts 
Fow' casts 
0 


Numeioiis casts 

Numeions casts 

No casts 
few R B C 

0 


Cloudi fiom pus 

Cloudc from pus 

Cloudv from pus 
CloiuB fiom pus 

Cloiuh fiom pus 

Cloudc fiom pus 
Cloudi fiom pus 


CIoud\ fiom pus 
Cloudi fioiii pus 
CIoud\ fiom pus 

Cloiuh fiom pus 
Numerous cists 

Nuriuious casts 


‘some c ists 


Casts 

Numerous casts 


0 


0 

Fus 


Peicentage of 
Diug Excieted in 


One 

IIoui 

Two 

Hours 

7 5 

2 9 

3 1 

18 0 
20 4 

0 2 
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0 0 
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1 

33 5 
57 0 

5 0 

0 0 

1 

13 0 
20 0 

1 


1 

27 0 

? 

j 

r 

ti 

0 0 

0 0 

1 0 

1 

4 0 

1 


1 

GO 

IS 3 

Ss 0 
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Remaiks 


Patient lecovorcd in few' days aftei last test 
Repoits heiself feeling well , edema still piesent 
Died 11/lG/lO, coma developed ll/lo/lO 
Autopsy Severe amyloid nepliiitis 
Died tw’o weeks latei , no autospy 


Died 11/14/10 Autopsy Small granular krdnejs with superimposed 
acute neplirrtis 

Report 4/14/11, in bad condition, unable to get about, nausea, bead 
ache, etc 


Discbaiged 2/7/11 , headache and nausea better , died two months after 
leaving bosprtal u rtb symptoms of uremia, nephritis was onh regaided 
as a possibrlity rn this case until phthalein test w'as performed 


Patient left hobprtal rn fair condition, uremia did not dcaelop 


No drug in four hours, died two dacs later In uremia 
Died in uieniia 4/17/11 

Became diow'sj 3/27/10, died in uioniia 4/1/10 


Died 1/10/11 in uremic coma Autopsc Evtiome giado chronic inter 
stltial nephritis and diffuse pjeloncphiitis 

Died in uremic convulsions two months Intel , no nutopsr 

Double nephrotomi done lapidh under gas 1/11/11 in hope of glting 
some relief, died in uicmii within twentr four hours, kidnccs were 
thin-w ailed pus sacs 


For three hours total excretion 33 per cent 

For three hours total excretion 23 3 pei cent 

Peiinenl piostatotomj for lemoial of obstruction .3/21/10 

Still Ihing 3/1/11 


Peilncal piostatotoma 12/22/00, good iccoceij , still Bring, in good 
condition, 5/1/11 


Condition became wor^e and died in coma one week later 

Cl inial exploration 4/11/11, following operation (ether an* ‘-tin enl 
wnsdrow'.r and had reiv low uilnair output , died un inlc conruFUm' 
one week later, piobibir ntute exicerbatlon of hi*- chronic luphiitF 
Pio^tatectonir under long ethei inesthecia 4/lG/ll, ‘■iippri -'-Ion of 
uiine It once, dhd 4/20/11 , no autop-r 


Lioa 131 , died in uremia two dar*; later 
Died in uremic conrul'-ions two weeks liter 


line of albumin found onee jirlnr to drapslon p'^d'ori'' fo*- t o 
rc irs about 4,3/11 headicbrs appeared 4'1/11 tr-ee of '■lb t'li, 
died ill uremia i *• 'n tutojisr I xtn m „r’>Ie of chronic Inte “ 
stitlil mjihntis prictlcilU no r'tia! i urt< s 

Died ibout ten dar*; after I i-t le-t of i '•i !a no op -itlon \,go ' 
Old chronic r>\ one phresK i,f p f, ! idm \ iFht 5 Id'n li p 
shoe ing chr dlff nephritis in<’ ra-rled diffn-e nejt< pr-Lji, ’'It’* 


• Nornal for from hree to fne in'nute s 

t 1 half 1 1 ur 23 per C' nt Noei alh this mi ch exented ’n 'e.s tl 
ic'>l txcrcMoi for < ne hou**, ,7 per c 'll 


I , T) r*! ' la ' * < - 
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An aitonipt has been made to dillcientiate b} means oC this test 
between ihosc eaidiac ca'^cs ^u{h bioheii compensation and pa^sne con- 
gestion of the hidne^j associated \\ith the piesence of albumin and casts 
m the mine and those eases in ■which caidiac insiinicienc} is associated 
with ^ aiding glades of tine nephiitis Jn this connection thiit}-t]iree 
cases have been studied 'Jlieie weie eighteen cases in winch the piudy 
chmeal dmgnohib was that of uncomplicated caidiac disease^, and fifteen 
cases of caidiac disease associated with nephiitis Fiom a study of these 
cases tlieie appeals to be no doubt but that docicasc in function accom- 
panies maikcd passne congestion of the kidiievs in the absence of any 
tiue nephiitis As the caidiac condition inipioies, lioueier. the passne 
congestion becoming less maikcd and edema subsiding, the output of 
jilitlialein incicases, and in one case rose fiom 16 pci cent to normal in 
the couiso of one week, the jiatieiit in the nieantiine losing seient} pounds 
m weight with the disappeaiance of a gencial aiiasaica 

The oppoituiiity of compaiing the icsult of the phthalem test wnth 
the findings at autopsy was afloidcd in the following case 

II B (Ko 70710), a"cd 20 admitted Jan 20. ]0)J, complaining of seieie 
djspnca and swelling of feet which hid oxislcd foi two weeks onl\ Phjsical 
examination ie\oalcd niukcdh nicicasod cardiac dnlnesc, initial and aoitic 
insufiicioncj , dilatation of the heait some ascites, bronchopneumonia, blood pres 
sine 100, modoiato giade of second ii\ anemia Uiine highcoloied, specific 
graiitv 1040, acid, albumin -{- -f -f-, large nnmboi of Inalnic and gianulai casts 
Phthalem tost showed an output of 20 pci cent for two lionis Patient died 
on the day following admission 

Autopsy Chionic mitial and noitic endocaiditis, chronic miocaiditis maiked 
hypertrophy and dilatation of the heait, a modciate giado of chioiiic diffuse 
nephritis, w'lth some superimposed acute nephiitis Death in this instance was 
in gieat part due to caidiac failuie 

In those cases wuth bioken compensation w'hich piesented a high 
phthalem eACielion, in neaily eveiy instance albumin and casts entirely 
disappeared w ith the improvement in the cardiac condition An example 
of tins class is the followang case 

The patient, G , presented a severe grade of general anasaica witli albumin 
and casts in the urine at the time of the test He excreted 65 8 pei cent of 
phthalem m two horns As the anasaica decreased, albumin and easts entiiely 
disappeared, the kidneys showing no permanent injuiy fiom the bieak in com- 
pensation 

The presence of a general anasarca, particulaily when edema exists 
at the point of injection, probably introduces some eiioi fiom the stand- 
point of absorption The extent of this error has yet to be determined 
From a study of these eases we feel that the phthalem test will prme of 
value m determining W’^hat degree of renal insufficiency exists m this 
class of disease t 
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With impiovement m the caidiac condition and the di=appeaiance 
subsequently of edema a continued low phthalein e\cietion uill indicate 
uith consideiable ceitamty the piesence of pernianent oigainc changes 
in the kidney We feel, however that a much laigei senes ‘should be 
=tudied clinically and at autops}’' beloie veiy definite conclusions can be 
drawn 


Table 10 — The Eelation or Phthalein Output to Blood Pbe'^sule, to 
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LL or- r v=r=: 

A larae numbci of mncen.iiiGom mcdicn) dnonc- inm 

‘studied from the =tnndpoini of phlbilcin t'cnf'ou .nnong O.f mun'M-r 
bciP" ten case= of lobai pmumonia 7' o of il'f-'i ( ' ^ b'pd (vj- 
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(lencGs of a mi]cl iieplintis dining Ihe attack, mIhcIi Mas aFSociated with 
a definite decicase in plitlialoin output In both cases the urine uas 
enlireh normal one month latei, as uas al=o the phthalem output In 
pneumonia tlie output is little if an} dceieaced and bears no lelation to 
the chloiid exeietion 

Tlnce cases of poisistent albuminiiiia haic shoun a noimal output 
In no disease otlici than lenal, so f.ii studied, has niaiked lediiction of the 
phtlialcin e\cietion been encounteied 

Tiir uiLiTroy or rirTirALinx output to blood-ppussuhu, to 

CIIVXOIS ix THU ryU-GUOUXDS. AXD to 

THU nuooD-ncrunu 

In tlie maioiiti of cases of eliionic nephritis in ulnch the blood- 
pies=uie has been high, tlie phthalem elimination has been maikedl}' 
deci cased, but no exact paiallclism exists inasmuch as not a few instances 
hate been encounteied in uhich the sistolic picssiiie has been over 
300 mm ITg and the phthalem output one-half of normal, uhile, on the 
othei hand, theie have been instances m mIiicIi the blood-pressure has 
been noimal uhile the phthalem output has been 7eio 01 neail}' so, the 
patients shoith afteiuaid dyng m uiemia ttdiile a liigli blood-pressuie 
ivhen piesent is considered of diagnostic and piognostic value taken in 
conjunction Mitli other clinical data, }et man^ patients died of renal 
insufficiency and exhibited a blood-pressure mIiicIi ivas nonnal or prac- 
tically so Nor IS the blood-pressure, even uhen high, increased in inverse 
proportion to the decrease in renal function 

While in some instances marked changes in the eye-grounds, choked 
disk, toituons vessels, liemoirh age's, etc have been present coincident 
with a very low phthalem output, in many cases even of tlie most 
advanced and even fatal nepliritis, no clianges viliatevei in the eje- 
grounds could be detected, the patient at the same time failing to 
eliminate the phthalem 

Moderate or rather severe grades of secondaiy anemia m the absence 
of disease of the kidneys can be present without any diminution in the 
phthalem elimination, for instance, tvo patients, one vnth 3,500,000 
red cells and hemoglobin 30 per cent , the other until hemoglobin 30 per 
cent, eliminated 61 and 57 per cent, respectively, for two houis A dog, 
with a led count of 7,390,000 and a phthalem output of 41 7 per cent 
for one hour, was bled 130 c c , lesultmg in red count of 5,400,000 and 
no change in phthalem excretion 

VALUE OF TEST FROM A SURGICAL STANDPOINT 

Through the encouragement of Dr Young we have been enabled to 
study the phthalem excretion in a large series of cases of urina’}'’ obstruc- 
tion, m order to determine the value of the test in revealing the func- 
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tional capacitj^ of the kidney in these cases This is a consideiation of 
giave imiDoi lance in this connection, «ince the de\elopincnt of niemia 
01 renal failnie has been lesponsible foi a gieat pait of the moilalily 
following surgical inteiference 

As a lesult of ohstinction in the lowei niinaiy tiact, pathological 
changes may occur in the meters and kidno'^s, dilatation of the nictei=. 
vaiving grades of hydronephiosis, and, as a lesnlt of the continued high 
piessure, atiophy of the parenclnnia of the kidney Not infiequently 
infection occurs with the development of a p-^elitis, a diffuse oi localized 
pvelonephiitis, or p^muephrosis The occiirience of these complication'; 
IS often difficult of lecognition and is often ovei looked, paitieulaily in 
the absence of symptoms of renal inadequacy A large piopoition of 
these cases of niinai}^ obstruction have cystitis associated with albu- 
minuria The piesence of casts in the mine is no contia-indication to 
opeiatiou The urinaiy output ma}^ be noimal in man^ instances, also 
the uiea and total solids, and jQt the patient may be on the \eige of leiial 
failure and disastious lesults ma-^ follow surgical interfeience 

The test has been used in at least loO cases of uiinaiv obstiuctioii, 
mostty cases of prostatic hj^peitioph'^ The technic involved in tlie^e 
eases necessitates the use of a cathetei, otheiuise it does not diffei fiom 
that desciibed above Foi a detailed consideiation of the \aliie of thi« 
test m relation to obstiuction in the lowei uiinai'^ tiaet, see oiii prcMoiis 
publications on the iihthalein test 

In the ma^'joiit}'’ of cases the test indicates moie oi less of renal impaii- 
ment, and taken in coniunction with the clinical condition it is of moic 
value than the study of mine output, total solids, total nitiogen and men 
estimation combined 

A maiked decrease in the amount excieted iii^aiiabh mean': "cveie 
deiangenient of lenal function, vliicli niav be of eithei a tempoiai} oi 
peimanent charactei Undei such conditions one chould jiroceed vitli 
extieme caution and no smgical intei veiition should be attempted without 
fuithei studv togethei vitli p^ollllllllal^ tieatnient Thi" pieliininan 
tieatnicnt as intioduced some ^oars ago into this clinic bi Dr 1 oung 
consists of diainage 1 )^ means of a ictcntion catheter oi fiequent cathct^i- 
ization, togethei vith the ndniini=tintion of l.irge cjuantitie=; of vater 

Uiidei this icgimen lepeatcd functional tc=t= vill dcnion=tiate f’.fn- 
tuallv the natuie of the derangement foi in inic intcrdmal npulniti-; 
the output vill continue lov, vhcrca'; if the dcranuenicnt i= jmrcH fmu- 
tional 01 'jccondar} to pteloncjdnitic n=inlh impniNcincnt vd! follm. a= 
a result of the treatment and vill be indicniMl a Prerr'^cr- m tin tu'W 

5(5 Itofcnnco 2 and il-o .\nn <I nil U I'rin , 1 An '<^'<1 

Much 101], mil 'Jr Am A-ii Gon -I*rni ‘'urg 10]0 



1/w/// 1 or ixrnnwL i//;fl/m/; 

of a])])oninm‘C ol llic thuir and '-nnnliaiiooiisl} an incrcace in tlie amonnt 
oluninatcd 

1 lie functional deianjicincnt due lo infection in tlic=c ca'^es is a mncli 
11101 e daiigcimic condition than i« the pio‘-once of c\en a fairly ad^anced 
condition of inteistitial ne])liiitn The ii'-e of the tc=i enables one to 
‘Select a faun.ible time foi opeiation In eases exhibiting a continued 
‘■u^piciou'h lou ontjint the u'^c* oJ nitioiis oxid gas oi spmal anesthesia 
!<= >=uggc4ed a^ pi of ei able to ctlici in oidci to piotocl the kidneys men 
onh a tiaco of the ding continue': lo be excictcd. operation ':hould not be 
attempted at all except in an cmcigenec, c\en though the patient presents 
no e\ idence ol iiiemia 

In 0111 oiiginal jiapei- ue "tated that a dropping plithaloin output 
uas a contia-indieation to opeiation except in ca'-cs of neeescit} This 
deciea'-e in lunetion u<?uall\ means some chance in the lenal condition 
and in most of oui eases it has been caused b^ the deiclopment of a 
P3 elonephi itis oi an cxaceibation of an old pioccss It is obiioush uise 
to uait until the kidnc\s haie lecoieiod from this acute shock before 
siibieetmc them lo fuithei in]un tin ouch ojieiation 

Unix \nY onsinucTiox 

As logauls the amount of cxeietion, belou uliich one should not 
opeiate, uc do not attemjit to diaw a detinitc line The test siinph' indi- 
cates the lenal function and it depends on the opeiatoi uhat iisks he is 
uillinc to assume, the piobabilities of fatalitj iiici easing as the phthalein 
output doeioa=os We do houe\oi locogni/e uhen u’e ha^e low function 
uliich otheiuise mai bo uniecogni/ed and have found that preliminary 
tieatincnt in most instances, uliothei it bo bv supiapubic, peimeal oi 
cathelei diainagc allows a legenciation of function which wall be indi- 
cated b\ the test and enables the patient latei to iindeigo the giavei 
operation of piostatectoni) with Jess iisk 

The tost can bo used to equal advantage pielnninar} to any siiigieal 
pioceduie wdioie it is deemed inipoitant to know the true functional 
capacih of the kidnexs 

TIlCrrXTC OF Tlin PIITIIALUIX test as applied to ESTIMATION" OF 
THE FUNCTION OF THE INDIVIDUAL KIDNEY 

Punctional tests Jiave alieadj'^ denionstiated then great value in this 
eoiinectiOD But they have at most been able to deteimine only the rela- 
te e wmiking capacit}’" of each kidney and have shed vei3'" little light on 

the absolute functional capacity of each oigan 

The phthalein test in association wath uieteral catheteiization has 
been used in seventj^-five cases of unilateral or bilateral disease (Table 11), 
the technic being as follow's In most of these the subcutaneous adminis- 
tration was used Eeeently, however, the intravenous method of adminis- 
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tiation has been employed, wheieby the time necessitated foi obsenation 
lias been i educed to half an bom, collections being made at fifteen-minute 
intervals Wbeie it is desiiable to deteimine vbetbei the supposedly 
healthy kidney can assume sufficient function to peimit of the lemoval 
of the otbei kidne}’-, only a balf-boui peiiod of obsenation is necessan 
For the paiticulais concerning the technic of application of the test 
in association with iiieteial catheteiization, see oiii oiigmal publication " 


RESULTS OBTAINED WITH THE PIITHALEIN TEST IN UNILVUERVL IND 
BILAI'EILVL DISEASE OF THE KIDNEY 


In noimal cases the time of the appeaiance of the ding fioni the tvo 
sides has been almost alwa3S the same and in the majoiity of ca^es tins 
has been five to ten minutes following subcutaneous and thiee to fnc 
minutes following mtiavenous injection The time of appeaiance of 
couise, will vaiy somevhat with the late of uiinaiv secietion Xoimalh 
the amount excieted by each kidnej vill be piacticall^ the «amc 

The senes of cases studied include tubeiculous oi jnogenic infection 
umlateial 01 bilateial, calculi, h} dionephiosis lnpeine])bioniata etc 1 
'\Anien one kidney only is diseased the time of the appeaiance of the 
ding IS delated on the diseased side and the amount excieted n not onh 
lelativelv but absoluteh deciea«ed The amount of delai in the time of 


appeaiance is comparatively of little lalue Eelianre n to be placed onh 
on the quantity excieted dining a period of one-quaitei ono-balf oi one 
houi, depending on the method of adrainistiation 

Although in the ma'|oiit'\ of these cases of unilateial dncn'r’ the com- 
bined output is equal to that of two noimal klflnc^'• tbe <Ticafoi pait of 
the exciotion is shown to be peifoimed bi iho bcaltln kidnec In piopni- 
tion to the deciease in function on tbe diceaced ‘=ide, ap]uo\im'itoh thcic 
IS a piopoitionate increase in the function on the henltln side In '=ncb 
ca'^es following nephrectoiiTS the lemaining kidnei eliminate^ nflcr Ibo 
lapse of tvo oi thiee weeks, an amount of ding vhich i= noimalh e^cictpd 
liA tvo healtln kidneys In all casc= ctuclied. the output from tbe lemain- 
ing kidnev has been areatei than tbe combined output fiom tlie tvo 
kidneys piioi to opeiation 

AYlnle tbe total uica from the combined iinne i= no tine index of {]]< 
functional actniti of tbe k]dncx= tbe compaiatne mea output frorp nrE 
kidnev !«= of decided \alue Tbe ^ame amount of uiea i- jin^rptr,! jn 
each kidnei foi elimination and tliciefoie it i'^ ]io==^ib]e lO < (pp p 
‘=ome extent the juoportionate amount of voik' vine]) r nli J-unn 
jieifoimincr Jjaiiinaei ]ia= ]ionucd niu iliat vWn the oU(p’ f 


kidnex 1= fori tnuc= a^ nicit ‘X'- that flow t* e ndir- 
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TABLH 11 — PIITIIALBIN OliTPUT IN TWENTY SI\ 


Number of Case 
nnd Name of 
Patient 

Date 

43— Mrs Jj 

11/8/10 

41— n 

ll/lo/lO 

45— G K 

11/10/10 

4G— P 

11/22/10 


12/2 !/10 

47— B 

12/0/10 

18_Mis 7j 

12/ 1 /lO 
12/20/10 
IJ/JO/IO 
12/ 7 /lO 

40— D 

12/10/10 

50— E M 

12/10/10 

51— K 

12/25/10 

52— B 

12/27/10 


1/13/11 

53— Dr B 

12/ 50/10 

54 

1/0 /II 

53— 5V 

1/7/11 

50— B 

1/9/11 


5/10/11 

57 — 0 

1/20/11 

08 — G 

1/20/11 

59— G 

1/28/11 


1/31/11 

GO— II 

2/ 4 /ll 

Cl- Mis A 

2/21/11 

G2— A 

2/10/11 

G3— H 1 

1/18/11 

64— C 

1/13/11 

G3 — C B 

3/29/11 

00— G 

5/10/11 

07— K W 

5/ 5 /ll 

68— C 

3/29/11 

69— G 

5/10/11 


DlnpnoslM 


Pio\lon‘. ojietntion foi rl^lit iiietcriil 
stiictuip 

TiiboicuIoviK oC bliuhk'i nnd loft kl(lne\ 

CnlcuII 1 kht Kidnoj 

Tuboiculosls of rlR-bt KUlnc\ 

Total function 

'J tiborculodc of both Kldnois 

Total function Ncpbroctoni\ IT/T.I/IO 
r\<rotlon of loinalnInK kl(ln('\ 

Lvcrctlon of ri mnlnlnfr kldncn 
IllKht ncpbinlKla, pchic cap 25 cc 

Iz-ft nephroptosis, pehic dilatation IS c c 

Calculi left kldncv , one calculous uietcro 
pehic Junctuie 

Calculous p\pIoncphiitIs, left 

Tuberculosis left kldno% 

After nephicctomj function of rcinnininj; 
kidney 

SllRlit infection loft kldnc\ , prc\lous 
nophrollthotoin\ 

Slight pehic dilatation right side 
Nlultlplc abscesses left kldnej , gonoirhcal 
Tuberculous pyonephrosis light side 


!!> pernophromn light side 

Lett icnnl calculus 

Calculus lower end left uietci, mniked 
Indioncpluosls 

Nephioptosis left side 

Piobnble double pjclonophritls , subacute 

Enoimous hydioncphroses of left kldne^, 
000 c c 

Double pielonephiitis (No G cnthetei 
used on left side , No S on light ) 

Slight infection of light kidney , possible 
stone 

Peisistent fistula of left uieter following 
uiotcinl litliotouiT 

NeVioptosis left side and hydionephiosis 


Multiple renal calculi, light side 

Slight pain in right lenal region , few pus 
cells in bladder unne 
(Second, 15 minutes) 
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R 48 


R 65 
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\Ilf,.''VSES OF SURGICAL DISEASES OP THE KIDNEY 



Left collected transvesical, neplnectomv, bad’y diseatjcd 
kidney , recovery 

Nephiotomy, lower one-thiid kidney filled vitli calculi, 
upper two thirds normal , lecoven 

Nephiectomj 12/5/10 , recovciy , 12/7/10, 32 per cent ex- 
creted one kidney one houi , 12/13/10, 28 per cent excreted 
one kidney one hour , 12/20/10, 50 per cent excreted one 
kidney one hour 

Leakage of 27 c c with 6 pei cent urea and 3 per cent 
phthalein, probably from left as small cathetei used on 
this side , nephrectomj , right side , reco^ erj , kldnei badh 
diseased 

Suspension , cuie 

Suspension , cure 

Nephrolithotomj' , cure 

Nephrectomy, lecovery 

Nephrectomy, lecovery, left collection tiansvesical 

No opeiation 

Suspension 

Ncphiectomy, lecoveiv 

Nephrectomy , recovery , left collected transvesical 


44 0 
Tiacc 
13 0 


Nephrectomy, death, fourth day, from homorrhage slight 
traces of right kidney only, almost entircli neoplastic 
Ncphrolithotomi , cure 


Removal of calculus , recovery 


21 0 
1 0 
27 0 
Q race 
15 0 
15 8 
12 8 
fiO 0 
0 0 
21 0 
22 0 
11 O 
10 7 



No operation 

Nephrectomy, right side, congenital atropln 1 idnr i\lt!i dif 
fuse cortical infection, death slxtli dn\, fiom jm' utnonln 
Nephrectomy , large, thin vailed sne removed 

lyjakage 210 cc 15 per cent urea and 10 2 prr c n, 
phthalein leakage from left side probably 


Nephrectomy, recoverv , 1 Idnev shoved ‘eytre old ji .!o 
ntphrltls ' 

Total function next day vlthoiit c-'tl,ettr'- 45 p. r c nt 
45 per cent for one Inlf hour 
Kidney-, are aj)p'’rentlv ro-m'’! 
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Tim !/i’67//i /;.v or /\y7;;n i/. Mnnicj^^n 


flic tli^p.itod lvicliic> pioMclod that llic wine fiom llie opposite side gives 
no indicaiion of di^eaco ft is of nio«l value v.heii thcie is a maiked 
dispi o])oi lion 1 1 0111 (lie two ‘=idcs 1’his lest, houeiei has its failings, as 
Ihis piopoilion docs not alva^s cmsI Again, the men detenwnation 
indifaics onli Die iclatne amount of uoilc iliat each kidno} is peifoimmg, 
and as the exact aniouni of ui^a jnesent in tlie blood is not knoiin, the 
test ‘-hows onli the lelalne actuiti of each kidne\ and not then absolute 
functional actn iti 

Again it afl’nid^ no indicalion a^; to uhcthei the kidnev is voikmg 
at ils Oldman (ajiacili oi a‘' io uhefhei the lesenc foice is called on 
and the kidncu n woikiiur at ils luaMinuni. and theiefoie unable to uith- 
stend an\ additional siiain 

The meniciencv of these melliods liac neccs^ilaled the inlioduction 
of the inoie leicnl methods of estimating the functional abiliti 

A sinking jiaiallelism exists beiueen the lelatne amounts of phthalein 
Gxcicted and the iclalue uica output foi am penod but the phthalein 
has an additional ad\antage inasmuch as it indicates not onh the lelative 
excietiiur capacitc ol the two kidncis. but fuinishcs an appioxiniate idea 
ot the alisoiute capacity of each kidnei 

In alt se\entc-fne rases of unilateial oi bilateial lenal disease haxe 
been studied m conpmction with uieleial calhetenzation the senes com- 
piising cases of lenal calculi, lenal tubeiculosis^ non-tubeiculous infection 
hypeincphiomata. Inclionephiosis and nephroptosis uicteral calculi uie- 
teial stiictuics hematuiia cases ot poh cystic kidnei and a few miscel- 
laneous cases 

In bilateial disease it has been found possible to detciinine the indi- 
vidual function (absolute oi lelative) of each kiclnev It is in this class 
of cases paiticnlaily that the shoitcomings of othei functional tests have 
been most appaient, as one kidney may be doing twice oi thiee times the 
amount of work of the opposite ladney and still be unable to assume tlie 
additional xvoik of the otliei kidney It may be doing the major pait of 
the xvork at the expense of all or nearly all of its reserve power . but the 
phthalein test detei mines wdiethei the Indnej has a functional capacity 
wdiich is normal, less than oi gieater than normal and to what degree 
In two eases of double lenal tubeiculosis in which the amount of pus 
fiom each side wns practically the same, the test permitted it to be deter- 
mined that in each instance one ladney had a function greatly in excess 
of the other, indeed sufficient functional capacity to alloiv of successful 
neplirectomx^ marked improvement in general condition occurring subse- 
quently in each case 

The details of one of these cases are worth}'’ of report 

B, aged 35, admitted Dec 4 1910, complaining of pinna and some failuie 
in general health 
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Cystoscopic examination levealed a normal bladder Separated urines jieldod 
the following finding 


Left 

138 c c 
Cloudy 
Pus cells 
Tubeicle bacilli 
Albumin + 

Urea 96 eg 

Phthalein appeared in 8 mm 
26 per cent for one hour 


Right 

88 c c 
Cloud-y 
Pus cells 
lubercle bacilli 
Albumin -j- 
Urea 55 eg 

Time of appearance 8 min 
12 per cent phthalein 


Leakage of 27 c c — 3 per cent phthalein and 14 eg of urea 


Although disease existed on both sides and from the character of the urine 
it was impossible to deteimine which side was more badly diseased, the phthalein 
indicated that the left kidney, although diseased, had the function of a normal 
kidney The right kidney in this case was evidentlj’' the pnmaiy seat of disease 
Nephrectomy of right kidney was successfully undertaken, being followed bv a 
maiked improvement m the patient’s general condition 

Tlie function of the left kidney gradually inci eased until the output at the 
end of three Aveeks AA'as 50 per cent, equal to that of two normal kidneys The 
kidney removed was badly diseased 


It seems probable that in this case the infection was limited to a 
localized area and that the greater part of the kidney was healthy and 
subsequently was able to undergo compensatoiy hypertroph} 

In a case of bilateial pyonephrosis due to calculus, striking confinna- 
tion of the accurac}’’ of the findings of the test ivas afforded by the follow- 
ing case 

T E, aged 37, admitted Jan 1, 1911, with Aomitmg and pain m cpiga'^tnum 
Diagnosis double renal calculi and pyonephrosis, uremia In 1903 patient had 
right lenal colic for first time, following Avliich he passed two stones Since 
then he had had tiio similar attacks on the left side For last three months 
he has had frequent attacks of pain on the left side, dvspnca, vertigo and Aomit- 
ing 

On examination patient was found markedh emaciated, heinoglobin 50 per 
cent rod blood corpuscles 3,300',000, white blood cells IS 500 Kidne\s not 
palpable no tenderness X-ray showed stones in both kidnoAS and in upper por 
tion of left ureter Urine 1700 cc in twenty four hour':, cpocific graAita 1017, 
albumin -J- -j- and cloudy from pus 

Phthalein tost January 2, no drug for two hours Under forced water the 
uriiiaiA output increased and patient became le=s toxic nausea and AOiiutiii'r 
disappearing Phthalein output Aias now 5 per cent Two dnAS later tirernic 
symptoms leappcaied and the phthalein output A\as again zero A double n^pn 
rotonn under gas was rapidly done in the hope tint "ome relief might In thu= 
secured Both kidneas were found to be niereP thinwalle<l ‘■acs filled wit»i 
calculi and pus Patient died in uremic conyiiUioiis m les-. th in ti ent' -four 
hours 

The existence of nn infantile kifincA inai be rcafiih OAerloo’rfi ivp=- 
mncli as unfier nminal conditions the urine from fiicb a 1 kIika b' 
absoluieh normal =o far a= color specific graMti and urra prrc-'ntcg' 
are conceincd The literature abounds with niimerons r.-po-ir of dr'^tb 
from renal failure following ncplircctomt due to the inab:b-A :r. rccn-mn" 



Tiin 4/.*G7/7T7;.v or n'Tniawh MEowan 


n.’H) 


Ihe pie^cnce of an infantile kidney Ilccenlly, KnniineP^ and McAitlnir^*^ 
lia\e each lepoiicd death'; following nephiectom^ wheie an infantile kid- 
ne\ had been left to a«unie the woilc In our =0110'; two such bdnejs. 
the seat of disease ha\e been ienio\ed. and in a thud ca^e with bladder 
tubeiciilosis and susjicctcd lenal tuboicnlosi's without locali/ang symptoms 
on eillioi side, an e^plolallon of the lofi kidney loiealed a health} but 
infantile kidnc\ Exjiloiation wa'- nccc^sai} inasmuch as the bladdei 
was inaikedly con ti acted and it was found iinpos':ible to cathcterize the 
uictcis A siinilai condition was encountered in a eat utilized in oui 
c\pciimental woik (desciibcd below) 

The detaih of one of these cases i" piesentcd 


C, lulinittcd Mxrcli IW 1010 lubctculosis in nn infantile kidney The left 
meter was catlicteii/cd but on account of ulceration of the right ureteial oiifice 
it was found impossible to catlicii/e tins ureter, the urine from tins side therefore 
being collected traiis\o‘'icalli Uhe separated urines were as follows 


Left 

40 c c 
Clear 
Xoiiiial 
Acid 

Specific gra^lt^ 1020 
Urea 28 per cent 
Total urea 112 eg 
Phthaloin appealed 0 iinn 
Plitbalem axciclod 44 4 per cent 


Eight 

20 c c 

Slightly cloudy 

Some pus cells, no bnctena 

Acid 

Specific graMU lOlC 
Urea 18 per cent 
Total urea 34 eg 
Phthalem appeared IS iiiin 
1 per cent excretion 


The right kidnci was roinoied and was found to weigh 40 gm The upper 
two fifths were destroyed In tuberculosis 


"When the disease is piesent in the large kidney nothing short of 
functional test will leionl tlio piesence of the infantile kidnei 

In ceitain cases owing to iiialfoimation 01 stiictiiies in the lotrei 
end of the uieteis, and ospecialh 111 bladdei tnbeicnlosis it may be 
possible to catlieteiize one uietei onh lYhen infection of the bladder 
exists micioscopical and cliemical cxaniiiiation of the urine collected 
transvesieally is obviouslx unieliable as an indication of a healthy or a 
diseased condition of the uncathetenzed side It is tlierefoie necessaiy 
to resoit to estimation of functional capacity in oidei to deteimme the 
presence 01 absence of disease on the side not cathcteiized 

In man-v instances of tubeiculosis^ as 111 the following case, it is the 
healthy kidney wdiich can be catlieteiized and the absolute evidence of 
disease on the other side in the piesence of an infected bladdei must be 
ascertained, not b}'’ microscopical examination of tlie mine but by func- 
tional capacity 

Diatmosis Tuberculosis of right kidney and stiicture of lower end of meter 
Patient admitted with histoiy of attacks of pam in the right kidney region and 


37 Kummel Jour Surg, Gyn and Obst, Apiil, 1911 

38 McArthur Jour Surg , Gyn and Obst , April, 1911 
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an intermittent pjniiia A skiagiam Mas negative, the bladder urine vas clear 
but microscopically contained a feu leukocjtes, no oiganisms C\stoscop\ 
revealed a normal bladdei The left uietei uas readily catbeteiirod but an 
obstruction at the lowei end of the light ureter obstructed the catheter on this 
side, necessitating transvesical collection llie separated urines urere as follous 


Left 

45 c c 

Acid 

Clear 

Specific gravity 1024 
Urea 65 eg 

Pbthalem appeared in 12 min 
32 per cent excreted 


Eight 

70 c c 
Clear 

Feu leukocytes 
No organisms 
Acid 

Specific gravity 1004 
Urea 19 eg 

Pbtbalein appeared in 20 mm 
5 per cent excretion 


On account of the low function and the presence of the ureteral stricture, a 
probable diagnosis of tuberculosis of the light kidney was made and a nephrec 
tomy performed On examination this kidney was found to be badly diseased 
although the urine contained no pathological features 


Occasionall}’’ it is impossible to catheterize either ureter, partieularh 
m marked vesical tuberculosis Here b}^ the aid of indigocarmm noting 
the time of the appearance of the diug on each side and from the evidence 
obtained from cystoscopy and from localizing clinical S3mptoms, it wil] 
gencially be possible to arrive at a piobable diagnosis as to which kidnei 
IS iniolved The total function as determined by means of phthalein 
■will deteimine uhether the disease is unilateial oi bilateral "UHien one 
kidney is suspected and 3'et a good total icnal function has been indicatecl 
this side can be exploied and if found to piesent evidence of maiked 
disease can be removed with safeh uithoiit exploration on tlie opposite 
side Obviously excretion of a laige amount of phthalein must liave been 
performed b3’’ the opposite kidney Such a case is here recorded 


The paiient had marked acsical samptoms and pvuna uith tubercle bacilli 
m the unne On cystoscopic examination the uliole trigone uaa badlv infl irncd 
and edematous The right uretcial orifice was badh ulcerated and could not 

be cathetenzed An attempt to catheterize the left side also failed on account 

of the edematous condition of the mucous membrane and the contracted condition 
of the bladder This cystoscopic picture of the light ureteral orifice indieatod 
probable disease of this kidnev but disease of the opposite sjdc al=o could not 
bo excluded A phthalein test for total function sljoued in excretion of n ]ier 
cent for one hour A right-sided exploration reieiled an adi meed tulinrculoM'- 
of this kulncv and a nephrectomv uas performed uithout exploritinn ni thr 
other side ulnch must liaae been responsible for the good renal lunction irn’ic it‘ 
bv the test The recoien uas uncientful 

A patient shouing nght-sidcd intcrmittint hematu’-ia and chrome nfjU-ri’i- 
adinitted Sept lo imo, had ureteis catheliri/cd and the <-.p irate i urin- = Mfb r 
the follouing data 


Left 

13 5 cc 
Acid 
Bloodv 
Urea IS c? 

Phthalein 11 min 
11 per c<.nL excreted 


Eight 

1(> c c 
( lenr 
Acid 

21 eg u’-c'' 

Apj>iarc-<I 11 uo” 

1 1 j> r r' c""* ’ 
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THE UiCUlVnS OV I'NTElfNUj MEDIGIKE 


llic following (In^ total function witliont catlieton^ation was studied, output 
being 22 per cent Iho equal and doci eased function as indicated by the phtlialein 
showed a bilateral lonal disease due to cliionic nephritis A few’ casts w’cie 
found in the urine 


T])o laluo of tliG pliilialoin output ovez tlzat of urea is shikmgly 
clemoiistiatcd in tho case ;iusi cited, elimination being practicall}’’ equal 
for the two sides, but no indication was alToided of the reduced total renal 
function 

In two ont of three cases with hjpeincphioma a decrease in function 
was indicated In the thud case no diffcience in function for the tw'o 
sides w’as indicated Tlio plithaloin, the niea, specific giaMty and quantity 
of mine collected fiom each side weie identical and normal On account 
of pain due to a sliglit Indionephiosis. the kidne}^ was explored and the 
tiimoi discovoied Tlic Ippoinephioma had not invaded the Indney but 
was simplj' attached to its iippei pole, in all likelihood not mteifermg 
at all with lenal function 


The lest has been used by ns simultaneously writli CAstosco]!}, phlond- 
m, indigocaimin and the polymia test of Albarran' zSTo paiticular 
advantage w’ns added by combining with one or all Indigocarmin and 
plienolsnlplioneplitbalem can be combined as follow’s EolloAving the 
appeaiance of plitbalem after in-jection. See of 4 per cent indigocarmin 
suspension is injecled into the ghiteal muscles and the time of appeaiance 
in the acid mine noted "WHiile the amount of plilbalein excreted can be 
estimated with a fan degree of accuiacy in the piesence of indigocarmin 
1)3’' lendeiing the mine alkaline and boiling on the other hand the amount 
of indigocarmin excieted can be estimated after acidif3’ing with h3’dro- 
chloiic acid or sulphuric acid at the best only ionghl3’, and occasionally 
not at all Wlien the two tests are used simultaneous!] the whole 
test is complicated with the intioduction of no advantages and some 
disadvantages 

In the follow’ing cn.se, with a. pninful kidnov w’lth old healed pyelonephiitis, 
various functional tests weie combined, urea, phloridzin, cryoscopy and polyuria 


Left 

325 cc 

Specific graA’ity 1010 
Urea 40 6 eg 

Phthalem appeared 7 min 
Excretion 25 pei cent for 1 lir 


Eight 

80 c c 

Specific giavitj’ 1009 
Urea 8 eg 

Phthalem appeared 8 mm 
Excretion 8 8 per cent 


Phloridzin lest, injected 5 mg 
utes , 1 95 gm in 1 hour 

Cryoscopy, urine for first 20 minutes 44 cc A 0 09 
Polyuria test 


Sugar appeared in 15 min Trace in 35 mm- 


22A—0 15 


Left 
44 cc 
120 cc 
158 c c 


Eight 
22 cc 
22 c c 
41 c c 


Urine collected in 20-minute periods 
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INHIBITIOlSr OB BDlSrCTION' AS THE RESULT OE URETERAL 

CATHETERIZATION 

As pointed out by Kapsarmner/** a cliange in function of the kidney 
sometimes results fiom the mtioduetion of the ureteral catheteis and may 
occasionally seriously inteifere with the value of quantitative determina- 
tions of the renal function Following catheterization anuria is most 
fiequent but sometimes polyuiia occurs and even in the presence of poly- 
uiia inhibition of secreting function, urea, etc , may be present In our 
senes a modeiate grade of inhibition has been noted in six cases out of 
seventy This inhibitory influence of the catheters can be readily detected 
by determining the total function without the use of catheters which 
should always be done as a control In no instance in our series was the 
inhibition of such a grade as to interfere seiiously with the value of the 
test This inhibition of function from ureter catheters has also been 
noted by Keyes, Jr , and A E Stevens The most serious disturbance 
in our experience occuis shortly after the mtioduetion of the catheters 
and it IS wise to wait until the catheters are working freely and smoothly 
before giving the phthalein injection If this technic is followed, inhi- 
bition will piobably not play an important role in the great majority 
of cases 

RENAL FUNCTION BEFORE AND AFTER NEPHRECTOMT 
This problem has been investigated fiom the experimental and from 
the clinical side The cats employed in the diuietic work (referred to 
above) were utilized also foi the study of this pioblem During the 
course of active secietion one kidney was suddenly tied off, the quanti- 
tative secretion of urine and phthalein being subsequently stadied and 
compared with the excretion prior to this nephrectomy, the conditions of 
the experiment of course being kept absolutely the same after the removal 
of the one kidney In the majority of instances a slight fall both m the 
quantity of urine and in the phthalein excietion occurred immediately 
after tying off the one Ijidney, occasionally the phthalein remained the 
same for one-quarter or one-half hour and then gradually fell, and in 
one instance the urinary flow was increased while the phthalein output 
remained piactically the same 

One case is of particular interest inasmuch as the removal of one 
kidney gieatly reduced the urinary flow and at the same time reduced 
the phthalein output to one-fifth of its former level This finding was 
unique In this ease, however, it was found that the remaining kidney 
was congenitally atrophic or infantile in character and weighed only 
6 4 gm , while the kidney which had been removed weighed 26 4 gm This 
IS a striking example of the value of the test in detecting the true func- 
tional capacity of a kidney 

39 Kapsammer See original paper, Kef 2 

40 Keyes Personal commiinication 
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77450 
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77782 
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7C710 


15 — 0 , aged 03 
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17 — P , aged 77 


18 — W, agod GG 
Surg No 2G508 


19 — Li , aged 37 


20— P L. aged 09 

2023G 

21 — R , aged 09 
Surg No 25637 



11/9/10 


5/21/11 

3/31/10 

11/C/lO 


11/1 3/10 
11 / 0/10 


1 / 1/11 
1/7/11 
1/9/11 
1 / 11/11 
1/22/10 


1/29/10 
2/ 4 /lO 
12/22/09 
1/ 7 /lO 


1/10/10 

1/20/11 


3/2S/11 


3/31/11 

4/19/11 


1/20/11 
1 / 20/11 
7/ ? /lO 


12/10/10 

12/19/10 


9/ 7 /lO 
9/17/10 
10/ 1 /lO 
10/ 7/ 10 
10/17/10 
10/21/10 


7/19/10 

3/24/10 


3/31/10 

4/12/10 

4/23/10 


Acute fndocar(llt3s, inllrnl InaufOclenct d\sp 
nea Jio edema at time of tost, de^clo^)od 
latei aoute nojdultls 

Artertosdetosfa, aoitic lnsutllc!enc\, acute 
endocarditis, djhiinca, sonic tdinni of legs 


Alb -f , few cast' 


Artorlosclerosls, lironcliopneiinionla Inpcr- 
tioplifc nrtlirltls dcforinnns. Wood pressure 
22() 225 

Ciiionlc osloomiclllls , dciclopod a tubeicu 
lous pneunionln 

JJjporttopln prostate, small residual 


Sjplilllflc nephritis, edema 


Uremic 

Nausea and aoniltlng , lilgh piadc choKed disk , 
seicre anemia, d( Unite uremia 
Bilateral calculous pioncphrltls , uremia 
.Some impiotcniciit, not so much nausea 
Improving 

Again seierch iirtrnlc 

lUpertrophj prostate, large residual, myocar- 
ditis, some dispnen 

Condition seems better, bos bad retention 
cntlicter 
Condition same 


IItpcitropb\ of prostate, laigo rcsidinl, some 
anemia, slight nausea and \oinltlng 
Retention catheter , condition same , up and 
about ward, urine output, 2 3 liters, urea, 


More nausea and vomiting, injec SO mg 
Acute pneumonia , died l/27/ll, of abscess 
and gangione of lung 

Diabetes Insipidus clinical diagnosis , no signs 
of nephritis 
Same condition 
Aiterlosclotosis, ebr nephritis, miocnrditis, 
pericarditis, edema, dyspnea, Von Graefc , 
blood-pressure 110 

Cbr nephritis, aortic and mitral insuiliciencj 
genoial anasarca djspnea, in bad condition 
but not uremic , blood prcssiiic 190 
Il 3 ’Pernephromn of right kidney 


Complete retention, due to contraction of 
vesical neck , cbr abscess space of Retzius , 
bad clinical condition , bad evstitis 
Hypertrophy of prostate , pyuria 
Some fever, drowsy 


Hypertrophy of prostate , myocarditis 
Catheter drainage 
Catheter drainage 
Carcinoma of piostate , pyuria 


Hjpertrophv of prostate, acute letentlon , 
good condition ^ . , , 

Hypertrophy of prostate , retrovesical ab- 
scess , septic temperature, fractuie hip, 
bad shape 


Veiy sick , suprapubic drainage 


Trace alb and occas cast 


Ub -f , and casts 


28 c c of urine cscrelsd 
in tuo hours I 
Alb -f -F , few cast', 
clear 

Alb -f-f,casts 
Alb -f , no casts 


Alb -F , cloudy from pa 
Alb -r , cloudy from pa 
Alb -r , cloudy horn pa 


Alb -f and casts, clear 
Alb + and casts , cloudj 


Urine pale, cloudy froa 
P“® , 

Trace alb , slightly clouf 
from pus 

Uiine more cloudv 


Cloudy 


Negative 


No alb or casts 
Alb -f -f , few cast' 


Alb •+•-!-+ and shower 
of casts 


200 c c fiom iiglrf 


Cloudy, pus, small 
amount alo 


Pus and alb 


Alb + , PU" 
Alb + , pa® 
Alb - 4 - , pa® 
Alb + 


Pynna 

Pyuria 


I'i 



Left kidney excreted 44 per 


cent In 1 hour and 10 minutes , right kidney trace 






TABLE 12— AUTOPSY 


Cj 

O) -v 

Qfl 

^ OJ 

o w 

§p 

Eh 



Percentage of Drug 


Two 

Hours 


39 5 
43 5 
15 5 


Remarks 


Died 4/10/11 Autopsy Aiteiioscleiosis, myocaiditis, acute mitral and tiicuspid 
endocaiditis, acute and moderate chronic diffuse nephritis, acute nephritis of 
only a few days’ duration 

Died 4/8/11, of ceiebial embolus Autopsy 3533 Ulcerative aortic endocarditis, 
acute vegetative endocaiditis left auricle , cardiac dilatation and hypertrophy, 
chronic passive congestion of visceia 

Autopsy 3401 Atrophy of right kidney from old thrombosis of renal aiteiy, loft 
kidney shows chronic diffuse nephritis , small, granular kidney 


32 2 


Autopsy Moderate grade of chronic diffuse nephritis 


24 


33 0 
29 


68 0 
62 


Died of pneumonia ten days later , no operation Autopsy Well developed double 
poh cystic kidneys 

Died 11/10/10, in coma Autopsy Severe amyloid nephritis 
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00 


Died 11/14/10 Autopsy Small granular kidneys, superimposed acute nephritis 
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Faint trace 
49 0 

42 8 

33 8 


1/11/11, double nephrotomy, died in twenty-four hours, both kidneys filled with 
calculi, being mere thin-walled pus sacs 


Prostatectomy 2/4/10 , died twelve hours after operation, of heart failure , ether 
anesthesia 

Autopsy Some myocarditis and arteriosclerosis, slight chronic nephritis, slight 
dilatation of pelves, discrete scattered areas of acute pyelonephritis 
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Went into coma 1/18/10 and died 1/19/10 


30 


23 


Trace 


Trace 
57 0 


Autopsy Some dilatation of pelves, which were filled with pus , marked grades of 
interstitial nephritis, kidneys being % normal size , some diffuse pyelonephritis 


Autopsy 3499 Fatty degeneration of viscera, including kidneys 
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Died in uremia 4/9/11 

Autopsy Extreme grade of chronic interstitial nephritis,, cortex almost destroyed , 
superimposed acute nephritis ( ’) 

Died from heart condition, 4/20/11 Autopsy Myocarditis, pericarditis, kidneys 
show arteriosclerotic scars with a mild chronic diffuse nephritis and a marked 
chronic glomular nephritis 

Died 1/21/11 Autopsy 3494 Chronic and acute mitral and aortic myocarditis, 
marked cardiac dilatation, acute and moderate chronic diffuse nephritis 

Nephrectomy and right kidney found almost entirely destroyed , died four days 
later, of hemorrhage, autopsy showed a large hypertrophied kidney with micro- 
scopically some very slight chronic nephritis 

Died two weeks after test Autopsy Dilatation of both renal pelves and marked 
grade of chronic bilateral pyelonephritis 

Died ten days after last test, in uremia 

Autopsy 3488 Old chronic pyonephrosis of left kidney , right kidney hypertrophied 
but showing chronic diffuse nephritis and a marked diffuse acute pyelonephritis 

Prostatectomy successful , two weeks after operation myocarditis became aggra- 
vated, uremia developed, ending in death 

Autopsy 3474 Infantile right kidney , left kidney showed chronic diffuse nephritis 

Prostatectomy under gas anesthesia , did well for ten days , became constipated, 
uremia developed and died some days later 

Autopsy 3466 Acute ureteritis and pyelitis , chronic diffuse nephritis of severe 
grade 

Died on third day following prostatectomy, from cerebral hemorrhage Autopsy 
Krdneys show an arteriosclerotic form of nephritis 

Died 4/25/10 Autopsy Chronic myocarditis, arteriosclerosis, chronic cvstitis, 
hypertrophy of prostate, retrovesical abscess, kidneys showed some cliionic 
diffuse nephritis with marked epithelial necrosis, the latter being, of couise, a 
terminal occurrence 
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The function of the two kidneys on the da} of the opeiation has been 
estimated and compared with the function of the lemaining kidney as it 
is on the day follou mg opeiation Chait 14 shous the curve of evcietion 
prioi to and the day following nephiectomy in a dog, the estimations 
being made at five-minute intcivals aflei the appearance of the drug m 
the mine following an intravenous injection of 6 mg of phthalein 
Although the rate of excietion is somewhat slowei, no gieat deciease in 
function IS indicated at tlie end of a half-Jiour’s observation 



Chart 14 — The upper line icpresents the phthalein excretion for one half hour 
following intiavenous injection, the estimations being made at five minute inter- 
vals The lower line leprcsents the excietion in the same dog foi one kidney 
Avithin twenty-four hours after nephrectomy 

In those cases in w^hicli the function of the remaining healthy kidney 
was estimated aftei an interval of thiee weeks to one month following 
neplirectomy, the function was invaiiably found not merely to equal the 
combined function of the diseased and healthy kidney prior to operation, 
but to be definitely greatei In a few cases m which the function was 
estimated at an interval of a few days to a week following nephrectomy, 
the function corresponds veiy closely to that wdiich existed in that kidne}'" 
previous to operation, but at the end of a period of three weeks or a month 
the function was always equal to that of two normal kidneys 

In one case of double lenal tuberculosis in which the function of the 
ladney left behind was 26 per cent for one hour prior to operation, it 
increased until at the end of one month a phthalein excretion of 50 per 
cent for one hour was attained, which was considerably greater than the 
combmed function of the two kidneys prior to operation In this instance 
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the tubeiculoTis focus was probably small and confined, so that the remain- 
ing healthy portion piobably underwent compensatory hypertrophy 

COMPARISON OP PHTHALEIN EXCRETION WITH AUTOPSY PINDINGS 

An opportunity was afforded in twenty-one cases (see Table 12) of 
comparing the phthalein excretion with the pathological condition of the 
kidneys at autopsy 

In the cases in which the phthalein excretion was moderately decreased 
the kidneys showed moderate pathological changes In those cases in 
which no phthalein was excreted, or only a small amount, extensive and 
severe renal destruction was invariably found 

In one heait case (No 14, Table 12) showing an excretion of 43 5 per 
cent foi two hours, which is a definite but moderate reduction, only a 
passive congestion was found That this condition can interfere with 
function other clinical cases seem to confirm 

In one case double polj^cystic kidneys were encountered, although the 
phthalein excretion was normal The patient exhibited no symptoms 
from this condition during life, death being due to pneumonia The fact 
that polycystic kidneys may be present for a great many years without 
symptoms and also that they are usually unexpectedly discovered at 
autopsy in patients dymg from other conditions is good proof of their 
functional efficiency 

CONCLUSIONS 

1 The absorption of phenolsulphonephthalem following injection into 
the lumbar muscles is better than the absorption from the gluteal injec- 
tion, while the latter is superior to subcutaneous injection 

2 Administration into the lumbai muscles is the method of choice 

3 Experimentally those diuretics that stimulate the renal cells to 
increased activity cause some increased secretion of phenolsulphone- 
phthalein, while those that act mechanically produce no increased 
secretion Clinically diuietics do not influence the phthalein output 

4 Experimental evidence seems to indicate that phenolsulphone- 
phthalein is excreted mostly by the tubules but probably also to a slight 
extent by the glomeruli 

5 The renal cells display a strffimg specificity in the excretion of 
phenolsulphonephthalem 

6 The phenolsulphonephthalem as used by us has many advantages 
over all other functional tests so far proposed 

7 It is better adapted for use as a functional test than any other 
drug previouslj'^ employed for the same purpose, on account of its earty 
appearance m the urme and the rapidity and completeness of its elimi- 
nation by the kidney and the reliance to be placed on its findings 
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8 T])e meiliocl of qiianiitaii\c oslimation of the amount of diug 
excieted is simple und exccodiiigl} accuiatc 

9 It is of immenvc value fiom a diagnostic and prognostic stand- 
point m nepliiiiis ina'^mucli as it leieals the dcgiee of functional derange- 
ment in nephi ill's vheihei of the acute oi chionic variet)’ 

10 In the caidioienal caccs so fai studied the test has pioied of value 
in determining to vhat degicc lenal insutlicienc}' vas responsible for the 
clinical picture pics-enled 

11 The test liac pioicd of \alue not onh in diagnosing uieinia from 
conditions simulating it, but has also siicces^fulh indicated that uremia 
was impending vlien no clinical CMdcncc of its CMstcnce at the time vas 
piesont 

12 The tost has pio\ed of gicat ^alue in icvealing the tiue lenal 
condition in cases of unnaiy obstruction It is heie of inoie lalue than 
the uiinai}' output, total solids, uiea oi total nitiogen. and enables the 
surgeon to select a time for opeiation when the hidne 3 ’s are in their most 
favorable functional condition The impro\ement in the renal condition 
in ca':es of uiinai}^ obstruction following the institution of preliminary 
tieatinent is stiikingly indicated bv this test 

13 In unilateial and bilateial kidne}’- diseases the absolute amount 
of woik done by each kidnej as well as the relative proportion can be 
deteimined when the mines aie obtained sepaiately 

It IS -with the greatest pleasure that ue thank Bi H TI Young for his early 
and continued interest in this MOrk and foi the gencious supph of clinical niate- 
iial leferred to us him, Dr Barker, Dr Tliniei and llie other members oi the 
stair of tiie medical clinic for the oppoitunitv of studving the caidiac and neph- 
iitic cases, Dr G L llunner and Dr E K Cullen for the pimlege of studying 
many snigical afTcctions of the kidney. Dr F W Ilobleman for his valuable 
assistance in cairying on the work, and Dr Dunning of the fiim of H-snson and 
Wescott for the sulphoneplithalem employed througliout this investigation 



A CASE OE PANCEBATIC DIABETES MELLITUS *>' 

HERMAN O MOSENTHAL, MD 

KEW YOBK 

Patients presenting glycosuria couiiled witli deficient fat and protein 
absorption aie among the rarities of a wide medical experience These, 
howevei, are the eases of diabetes mellitus that make the clinician and 
physiologist certain in their belief that the pancreatic gland is intimately 
connected with the metabolism of caibohjdrates, and that the other forms 
of the disease, although not yielding such clear-cut signs, may have a 
similar origin 

The following report of such a case is thought to be of value, espe- 
cially as it was found that the treatment of this patient by means of 
pancreatic gland yielded results which proved to be of great interest 

I am indebted to Dr T G Janeway, under whose supervision the 
patient was treated, for the following data 

CASE EEPOET 

History (May 9, 1910) — The patient is a college student, aged 20 His 
maternal grandmother died of tubei culosis, his mother suffers from a cardiac 
trouble, his father recovered from an attack of Blight's disease twenty years ago 
There is no history of diabetes, obesity or othei hereditary disease One brother 
and one sister are alive and well Excepting mild attacks of measles and mumps 
in early childhood there has been no illness The patient’s habits are exemplary, 
he scarcely ever drinks or smokes, has not been the subject of any venereal dis- 
ease, IS not prone to worry excessively about examinations, etc , and his appetite 
has been hearty but not abnormal for a young man of his age 

In February, 1909, he was thrown to the floor while playing basket ball and 
struck the back of his head During the following evening and night he was con- 
fused and irrational, but on the next day all symptoms had disappeared There 
was no headache, no polyuria, no thirst and no indication whatever of cerebral 
injury or glycosuria The urine was not examined 

In the latter part of November, 1909, he had an attack of intense abdominal 
pain without diarrhea or fever Early in December, ivliile preparing for examina- 
tions and training for the 100 and 220 yards dash in some indoor games, he 
realized that he became tired easily Toward the end of December this lassitude 
led him to consult a physician The mine contained sugar, reported at 8 per cent 
In January, 1910, he was subject to frequent attacks of vpmiting accompanied by 
a “burning sensation,” but no frank abdominal pain In February the vomiting 
ceased, the stools, however, at this time changed in character, became large and 
putty-hke, and were said to resemble “mayonnaise ” The feces have continued to 
be of a similar nature most of the time up to the present The patient’s original 
weight was 138 pounds The maximum quantity of urine collected during a 
twenty-four-hour period was between 5 and 6 quarts The maximum amount of 

*From the service of Dr T C Janeway, St Luke’s Hospital, and from the 
Laboratory of Biological Chemistry, Columbia University, College of Physicians 
and Surgeons, New York City 
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siigai obsencd 1ms been 8 per cent Ko Ircatniont nor diet bad been instituted 
at ain time 

Physical Examination (iMaj 0, 1010) — 'Ihc patient iieiglis 113 pounds, is 6 
feet 9 Indies in height 'JJie gencial condition is that of extreme emaciation, all 
the ribs stand out proinineiitlj , the cheeks are hollow Weakness and languor 
ire cxpic'jsed m everv moiciiicnt 'Jhc skin and mucous membranes arc pale 
Jiic tongue IS drj, while and gla/od 'Jhe tliMoid gland appears to be of normal 
‘■ 1/0 'Jhe pulse rate is 52 The sjslolic blood piessuie while the patient is in the 
lecmnbont position is 90 The ladiil arteries are icrj soft and small Tlie 
heart and lung-, jield no abnoimal signs 'Jhe icsjnration is of noimal tjpe The 
abdomen is moderately distended, most maikedl} in its lower half Hie lateral 
leins are somewhat prominent 'Jhere aie no signs of ascites The Jner and 
‘-pleen aie not palpable, nor do thej appear enlarged on percussion The super- 
ficial Ij iiiph nodes ai e not enlai god T ho knee jerks ai e normal Tliere is slight 
edema of the lower legs and feet Blood examination diows hemoglobin 75 to 80 
per cent 'Jhe stools resemble the description of Ibcm gnen bj the patient in 
the hmtorj The^ nic leij ^olumlnou‘;, foimed, though soft, and number 1 to 
4 a daj , their odor is foul, their color greenish \ellow On microscopic examina- 
tion thej show nian> undigested muscle fibers much free fat and many fatty acid 
crystals Dr Hopkins of the St Luke’s Ho'jpital Pathological Staff finds the 
leaction for tijp'iin negatne 


Tlie appended table gives tlie essential results of tlie quantitative 
unnaiy examinations, the diet emplovcd and the treatment administered 
The total nitiogen was determined by the K.jeldalil process, the 
ammonia b) the Folin^ method beta-o\3biit}iic acid and its derivatives 
by Shaffer's- method, and the siigai b} polaiiscopic leading before and 
after fermentation 
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“Pankreon" 0 5 
gm three times 
a day, May 11- 
19 


Raw sheep’s pan 
creas 50 gm 
three times a 
day. May 20 29 


“Green” dai 


t Sodium bicarbonate, 30 pm , was given on each except Mav 30 material , 

t Thymus gland was administered on May 19, as the butcher had furnisnea tne wiu e 
on the nest and following days pancreatic gland was given 

There is no possible doubt that this patient is suffering from diabetes 
mellitus of a severe type The constancy of the glycosuria when the 


1 Folm, 0 Am Jour Physiol , 1905, xiii, 45 

2 Shaffer, P Jour Biol Chem , 1908, v, 211 
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amount of carbohydrate m the food was diminished and the piesence of 
moderate amounts of beta-oxybutyric acid, tested for on May 11 and 13, 
establish this diagnosis As in all cases of diabetes mellitus, a more 
difficult problem is encountered when it becomes necessary to identify 
the cause of the disease In this instance two possibilities present them- 
selves (1) the traumatic cerebral injury contracted in February, 1909, 
(3) a lesion of the pancreas 

1 The causal relation between cerebral trauma and diabetes has been 
appreciated for many years ® Usually such an injury is one which affects 
the skull directly and is followed by symptoms of cerebral concussion 
Both of these conditions apply to the present case Further data are 
needed, however, to establish this etiological relationship In the absence 
of adequate urinary examinations immediately before and after the 
accident, the necessaiy enter la, according to Von Noorden,^ are loss of 
weight and strength within a few weeks of the accident, neuralgias 
disturbances of vision, increased thirst, cramps in the calves of the legs, 
sexual impotence, or other sj^ptoms of diabetes and a glycosuria If these 
symptoms develop within one or two years of the accident, even though 
the intervening period was free from any diabetic manifestations, the 
cerebral condition must be admitted as a possible factor in the disease 
In the case under discussion the trauma was followed by well-maiked 
signs of concussion of the brain and within ten months there were evi- 
dences of the beginning of diabetes While the possibility of an etiological 
connection must therefore be conceded, it is not probable in this case 
Cerebral trauma and concussion are of frequent occurrence especially 
among those engaged in athletics, while a sequel of diabetes mellitus is 
very raiely found Furthermore, there is here definite evidence of 
pancreatic involvement which in itself would be sufficient to account for 
the disease 

3 The large volume of the stools, then fatty character and great 
content of undigested muscle fiber, coupled with the absence of trvpsm, 
point to a lesion of the pancreas resulting in deficient secretion mto the 
intestine The glycosuria and acidosis indicate a lack of the internal 
secretion It may therefore be concluded that the function of the gland 
has been almost entirely, if not completely, lost A pancreatic calculus 
would account for the attack of abdominal pain in ISTovember, 1909 and 
a closure of the duct of the gland, followed by sclerosis, for the remaining 
symptoms 

Of the various forms of pancreatic disease, calculus was the first to 
be recognized as a cause of diabetes mellitus ® In similar cases C von 

3 Naunyn, B Der Diabetes mellitus, Vienna, 1906, p 77 

4 Von Noorden, C Die Zuckerkrankbeit und ilire Bebandlung, Berlin, 
1910, p 68 

5 lSraTm 3 ai, B Der Diabetes mellitus, p 122 
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K'ooidcn'^ gncs the choice of diagno'^is as one of t^^o eithei a tumor or 
a calculus closing the duct of Wirsuiig In the jiiesent instance the diag- 
nosis of nialignant gioiith was not considcied piobable and the subsequent 
course oi e\ents, a^- uill he detailed belou, confirmed this opinion Falta/ 
uliile mentioning ^allous othei pancicatic diseases, claims that the most 
fiequent cause of the SMidioine undei di'^cussion is pancicatic litbiasis 
This uas legal ded as the diagnosis in the piesent case and therapeutic 
efToid; uas concentiated on it 

Theie aie two loinis of pancicatic medication 

1 The Pi cpai(ilw7is of Exiiad of Paucteas — Yaiious biands have 
been put on the maiket “Pankieon” is peihaps the one most favorabl} 
regarded It consists of pancicatic extiact haidened with tannin to 
lesist the desliuctive action of the acid gastiic ,iuice and allow the ingre- 
dients of the extiact to pass into the intestine in an actne condition 
Man}' lepoits® (the lefciencc list is not complete) of the use of this and 
similar piepaiations have been made Among man} successful trials of 
such extiacts numeious failuies are lecorded Extracts of paneieas have 
been given intiavenously ° The diabetic ghcosuiia has been reduced 
thereby but the secondar} ettects of the infection, ii^e of tempeiature, 
maiked prostration, etc, have been so seieic as to make this method of 
administiation of doubtful lalue 

5 The Paw Pancicatic Gland of the Sheep and Oihei Animals — The 
raw gland administered by mouth has prmed to be far more leliable than 
the extracts 

In the present case, ‘Tankreon” given in 0 5 gm doses three times a 
day resulted in no change, wdiile the administiation of sheep’s pancreatic 
gland taken raw and piepaied as salad in 50 gm portions thiee times a 
day, brought about a very maiked impioveraent The stools changed 
from those typical of pancicatic disease to what appeared to be normal 
movements 

The indications of incieased fat absorption and its clinical significance 
in this instance are of the greatest interest and impoitance Ordinarily 
fat digestion would be signalized by no changes in uiinary secretion 
which could be appealed to as tests In advanced cases of diabetes mel- 
litus, however, beta-oxybutyric acid, diacetic acid and acetone aie found 
m the urine These substances, as we now know from the woik of many 


6 Von Noorden, C Die Zuckerkranklieit, p 179 

7 Falta, W Ergekn d inn Med u Kmderh , 1908, ii, 74 

8 Palta, W Ergebn d inn Med u Kmderh, 1908, ii, 79, Von Koorden, 

C Die Znckerkrankheit, p 184, Pratt, J Am Soc Advanc Clin In^es^ig, 
Sec An Mt , May 2, 1910, p 6, Gigon, A Ztschr f klin Med, 1907, Ixiii, 420, 
Salomon, H Perl klin Wchnschr , 1902, xvxik, 45 „ , r. 

9 Zuelzer, G Ztschr f exper Path u Therap , 1908, v, 307 Zuelzer, G , 
Dohrn, M , and Marxer, A Deutsch med Wchnschr , 1908, xxxiv, 1380 Eorscli- 
bach, J Deutsch med Wchnschr , 1909, xxxv, 2053 
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oLseivers/® are derived principally from fatty acids and to a inucli less 
extent from ammo-acids An assimilation of fat -wonld tlieiefore be 
expected to cause an increase in the acidosis The increased formation 
of these acid substances would necessitate their combination with the 
available alkali, and would result m a marked advance in the urinary 
ammonia values Both of these facts are conclusive^ demonstrated in 
the accompanying analyses The daily output of ammonia averaged 
1 1 gm and that of total acid derivatives as beta-oxybutync acid 2 2 gm 
befoie sheep’s pancreas was given During the succeeding days, when the 
law gland was administered, the ammonia excretion rose to an average 
of 5 4 gm and the acid substances to 32 1 gm These very substantial 
increases cannot be attributed to any change in medication, as might 
have been the case if the amounts of bicarbonate of soda (see table) had 
been varied, noi were the differences in the diet great enough t(’ account 
foi them 

As far as it is possible to ascertain from the literature, this fact has 
been observed only once before Salomon® demonstrated increased 
amounts of acetone in the urine after the use of “Pankreon” in a case 
of pancreatic diabetes, the diacetic and beta-oxybutync acids were not 
determined Furthermore, the absence of excretion of beta-oxybutync 
acid in dogs suffering from diabetes after pancreatic extirpation may be 
explained on similar grounds, that is, non-absorption of fat, while in 
cases of phloridzm diabetes in dogs, where fat absorption is normal, acid 
substances appear in the urine, at least at a time when the nitrogen 
balance is negative 

Brugsch and Bamberg, puzzling over the difference between 
these two forms of experimental diabetes, advanced various mconclusive 
h 3 ^potheses The present explanation, however, of deficient fat absorption 
and consequent lack of fatty acids from which to develop the acid sub- 
stances, IS a simple one, and is substantiated rot only b}’' the negative 
findings in cases of extirpated pancreas in dogs^ but also by the appeal - 
ance, in the case here reported, of an increase in the urinary acid sub- 
stances after the administration of raw pancreatic gland To produce 
an increased absorption of protein and fat is the keynote of successful 
treatment of pancreatic diabetes, since the onh" other impoitant food 
element, namely, the carbohydrate, is rendered valueless to the body on 
account of its excretion as unoxidized glucose in the mine Without 
pancreatic medication, death from starvation would result in a case of 
this kind, m spite of an abundant food-supply 

10 Magnus-Levy Ergebn d inn Med n Kinderh , 1908 1, 352 (A sum- 
mary of the entire subject of acidosis is given in this paper ) 

11 Brugsch, T , and Bamberg, K Zentralbl f Stoffv echselkrankh , 1908, iii, 
1, Baer, J Arch f evper Path u Pharmakol , 1904, h, 271 
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Wlien the absoiplion of fats and proteins bungs about a Jngh degree 
of acidosiSj as indicated by the gi eat increase in beta-ox^butjiic acid 
excietion, tlieie is the obvious dangei of acid intoxication and diabetic 
coma In the pie^cnt ca^c dangei signals appeared vbeu the pancreatic 
gland uas used Foi a time the synptoms became so thicaienmg that the 
medication uas stopped and a bad piognosis seemed ^pistitied 

The influence ot the bicaibonate of soda is i\ell sbovn in the ammonia 
output On ]\ra\ 11 , the fii'^t da} of it's admini'^tiation, the ammonia 
output va'? liigbei than on the ‘succeeding da}s when the latio of ammonia 
nitrogen to the total nitiogen uas also lover, both figiiies being again 
inci cased as the cxcietion of acid substances became gicatei A second 
effect of fill's ding, fieqiicntly noted in diabetes, vas also observed 
Tovaid the end of the patient's sta} at the hospital, edema of the face 
and extiemities bad dei eloped to such an extent as to make discon- 
tinuance of the bicaibonate of soda necessai} 

Subsequenth , tbiougli June, July, August, Septembei and October, 
the use of the pancieatic gland vas icsuraed and at the same time meas- 
ured amounts of caibolijdiate veie allowed'- The patient gained 
stiength on tins regime and lias been able to cn,i03 an outdoor life of 
moderate activity The amounts of excreted ammonia lemained high but 
weie less than during the first pancreatic gland peiiod in May These 
observations may be explained on the supposition that the oiiginal period 
of acid intoxication, with vhat appealed to be impending coma vas due 
to the sudden flooding of the S}stom b} acid substances vitli which the 
tissues vere not prepaied to deal whereas at a latei time the body adapted 
itself to these poisons to a ceitam extent An acid excretion of equal 
intensit} occurs not infrequently m cases of diabetes mellitus without 
calling forth any symptoms of distiess Such patients, hoveici, have to 
meet a giadually increasing acidosis and not a sudden one, and mai 
therefore be able to legulate their metabolism accoidingty 

Another factor that may have been of aid in this case vas the allow- 
ance of carbohydrates when the danger fiom acid auto-intoxication was 
recognized Caibohydrates, in diabetics aie nevei completely excreted 
in the urine but, as has been recognized in caloiimetiic determinations 
aie alwa3’^s oxidized to some extent and therefore dimmish the output of 
acetone and its piecursors Tolerance of the poisons, an allowance of 
carbohydrates, together with the use of bicaibonate of soda, made it 
possible for this patient to continue the use of pancreatic tissue, regain 
considerable stiength and enjo}'’ a comfortable existence for some time 
One further point remains for consideration, and this is one of the 
most disappointmg chapters in medicine How does the administration 

12 For data subsequent to May 30, 1910, I am indebted to Dr Thomas B 
Carpenter of Buffalo 
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of panel eatic tissue affect the glycosuria ^ In other words, can the internal 
secretion of the gland be leplaced^ In the ordmaiy types of diabetes this 
cannot be done, but is the condition not somewhat different in the pan- 
el eatic variety of the disease Most obseiveis believe that, no matter what 
the etiology of the diabetes, there is no difference in this regaid How- 
ever, Wegele^® claims to have attained the disappeaiance of the glycosuria 
ivith the use of ‘Tania eon ” In dogs suffering fiom pancreatic diabetes, 
Piatt® was able to laise the limit of sugar assimilation after prolonged 
administration of law panci eatic tissue In the piesent case, after i'oui 
months’ use of the gland, the eaibohydrate balance appears little changed 
The nutrition, however, has not letiogressed 

If any conclusions aie justified aftei the treatment of but one case 
and the leview of the leports that have gone before, the following mav 
be tentatively advanced In panel eatic cases of diabetes mellitus associ- 
ated with deficient digestion of pioteins and fats, extracts of panci eas 
such as “Pankreon” may be of service but more certain results are 
obtained with raw pancreatic gland The better absorption of food that 
follows the pancreatic medication bungs about improved nutrition on 
the one hand and the dangeis of a marked acidosis on the other The 
lattei must be caiefully guarded against by including sufficient carbo- 
hydrate and a minimum of fat in the diet, and by the use of bicaibonate 
of soda The glycosuria of any form of diabetes is not influenced by the 
administration of the panci eatic gland by mouth for a limited period 
Whether its more prolonged use will prove partially successful in this 
respect, as m the dog experiments alluded to above, is a matter foi futuie 
tiial 

157 West Seventy-Ninth Stieet 


13 Wegele, C Foitsclir d Med, 1902, vf., 313 
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The foimdei of modem medicine Laeiinec, iilio was the fust to 
elaboiate metliods of aii«ciiltaiion and peiciipsion and to found thereon 
an almost complete s^pteni of clinical medicine, had ahead) made a 
piofoiind ptiidv of the lelative si7e of the heait under \ar3ung patho- 
logical conditions In latci times the uoik of Viichow, of Beneke and 
the laboiious and admirably accuiate uoik of 'Wilhelm j\Iiillei contrib- 
uted laigel) to oui knowledge of the subject It is needless to duell on 
the uondeiful acliieiements of tlie moie modem uoik, both ph) siological 
and anatomical, of Engelmann, His Aschoff Taw ai a, Keith Albiecht and 
numeious otheis But all the=e studies and experiments wore done either 
on the heaits of animals oi on the human heart after death Then came 
the time when the Roentgen ia)s weio applied to internal medicine and 
by these means the obseivei was enabled foi the fiist time to study the 
living human heart wlnle ‘in acUon, and. by means of a laige scieen the 
oppoitunit) w'as gnen to study the heart in its vaiying sire and position 
and in its i elation to the othei oigans of the chest and upper abdomen 
The orthodiascope in paiticulai enabled the observer to study the silhou- 
ette of the heait and laige vessels as they are projected on the scieen by 
means of paiallel rays The most lecent developments in the methods 
of stud)ing the heart, the simultaneous tiacings of venous, arterial 
and heait pulsations, and that most delicate of instruments, the electro- 
caidiogiaph, have somewdiat overshadowed the use of the orthodiascope, 
which latter, only a few yeais ago, caused great enthusiasm "Wlnle 
welcoming the latest methods and then results, it would be foolish to 
regard the orthodiascope as antiquated and useless Each method of 
observation has its owm peculiar value as an instrument of leseaich, as 
well as its individual limitations, and w^e should gieet wath pleasuie a 
multiplicity of methods confident that each new one that may arise will 
assist in the ultimate solution of these vital but most complex problems 
The orthodiascope, or, failing that, the simple Roentgen apparatus, is 
easy enough in its management to be used not only in the hospital or 
clinic but also in the private office, and any practitioner can easily become 
familiar wath the necessary manipulations 
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A few woids concerning the method employed in taking the heart 
tracings on which this study is based It must be remembered that the 
heart itself is not seen, but only its shadow, as well as the shadow of the 
laige vessels and the other thoracic viscera This silhouette of the heart 
and large vessels is naturally subject to distortions, minimized, it is 
true, by the parallelism of the orthodiagraphic rays, but still sufficiently 
troublesome and attributable to manifold causes Great caution, there- 
fore, and long expeiience are required to enable one to interpret correctly 
the foreshortenings and the various changes in form which the heart 
shadow presents hTumerous pathological conditions of the lungs and 
pleurae^ abnormal contents of the thoracic cavity or the mediastinum, 
instability of position and shape of the diaphragm, may contribute to 
variations in the heart silhouette Nevertheless, with increasing experi- 
ence and practice and with careful comparative study on the cadaver, it 
is found that eeitain configurations of the heart shadow correspond 
approximately to the normal and that there are others that undoubtedly 
represent pathological deformities In recognition of this fact, enthusi- 
astic woikers m this field, as Moritz, Dietlen, De la Camp, and Groedel, 
have elaborated systems of measurements by means of which the size and 
configuration of the normal heait shadow is to be determined for both 
sexes and for every period of life It has been found that certain very 
serious and unavoidable limitations detract from the usefulness and 
scientific precision of these measurements It is obvious that the lower 
part of the heart can scarcely ever be made so plainly visible by the ortho- 
diascope as to be traced with any degree of accuracy This of course, 
IS due to the interference of the diaphragm behind which the lower 
portion of the heart is apt to be hidden The longitudinal diameter, too, 
depending as it does on the recognition of the boundary between the large 
veins and the right auricle, is extremely difficult to locate and is a 
quantitjr, in the determination of which the personal equation plays a 
great and rather uncomfortable role In our own work the personal 
equation has to a great extent been eliminated by the fact that all tracings 
of the heart shadow and the large vessels were always and without 
exception done by one of us (Di Krehbiel) Nevertheless, we have prac- 
tically thrown out of our calculations the so-called longitudinal diameter 
and have, in measuring the hearts, relied almost entirelj’’ on the transverse 
diameter (which can always be determined with sufficient exactness), the 
vaiying inclination of the heart shadow with reference to the median 
line, and the general aspect and behavior of the heart under changing 
conditions Our method, then, briefly stated, is as follows The patient 
stands upiight on a little platfoim against a vertical board made of 
basswood There are wooden flanges on both sides of this board which, 
if occasion lequires, are easity adjusted so as to prevent the patient fiom 
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swayncr lo eithei side ^Ye lm\e cliosen llie ^elllcnl position as the most 
con^onlent and oni men=nicinont‘; theiefore, aie not compaiable to 
incasniernents taken mIicii the patient is in a lioii^ontal po=ition We 
use the old Do la Camp model of orthodiascope, not onl} because ive 
think it simplei and inoie leadily handled, hut al=o becan^e it admits of 
the 11=0 of a ^e^y laigc flnoicscent scieen not for tracing hut for the 
geneial snno\ of Ihe ohe^l and its oigan= Om =oieen is 12 h} 16 inches, 
and In means of Ihn ne sliuh in e\en ca=e the position of the heait its 
1 elation to the lungs and othoi thoiacio M^cera, as iiell a= to the dia- 
phiagrn and the Inci and =toniach, which aie all viewed simultaneously 
We con=idei this point of great impoitance and apt to pi event many 
eiiois, while mam interesting and \alnal)le facts can be ohLained only 
by these means Tlie siincy of the ohe=t and abdomen completed the 
tiacing-scieon i= put on and a lapid tineing of the heart is made As a 
lulc the lung= aie not included in the sketch because, in our opinion, they 
tend lather to obscuic the outline of the heait shadow- The necessary 
fixed points in the tiacing aie the jugular notch of the sternum the 
clavicles, the nipples and the diaphragm The tracing of the heart is 
done bv the usual dotting method, takimi caic to place the dots in the 
pause between inspnation and expiiation We prefer this method to 
photographing the heait shadow- and all that pei tains to it because, in 
oui opinion, shaipci and more easilj measured outlines result hlever- 
theless, w e hai e in man} cases taken phologi aphic plates to compare with 
oui tiacings We wish to add that we have considered as entirely useless 
the estimation of the total area of the heait shadow-, as traced by the 
orthodiascope, and ha^e therefoie not regaided it in our woik Our 
leasons will be appieciated when it is lemembered that we are not able 
to delimit with any ceitainty the low-ei part of the heart and to deteimine 
w-ith any ceititude where the heait ends and the aorta begins, hence it 
IS quite evident that any calculation of the surface area of the heart 
shadow IS more oi less illusory 

The necessity is obvious of having some standard with w-hich the 
measurements aie to be compared, w-hether oi not that standard be 
exact We have selected the tables given by Groedel, mainly because they 
are based on tracings in the upright position, and w-e have considered 
as small any heart w-hich falls below the minimum measurements assumed 
by Groedel as normal for the coi responding size and sex In many of 
the tracings w-hich we considei as belonging to this type of mieioeardia, 
all the measurements weie below- the normal, in others, only the trans- 
verse diameter was below normal In order to avoid any error, as for 
example that of putting down a heart as small which may have appeared 
small only momentaiily on account of some temporary variation in the 
position of the diaphragm, or some disturbance in the other thoracic 
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visceia, we have taken the tracings repeatedly in the same person at 
diffeient times separated by sufficient intervals, and we have accepted 
none as abnormal that did not give the same measurements whenever the 
tracing was made 

By this method of studying the living human heart we have very 
fiequently encountered a certain type of small heait which, so far as our 
present experience goes, seems always to be accompanied by a certain set 
of clinical symptoms The syndrome occurs in males as well as in 
females, although it appears that females aie more predisposed The 
time of observation, howevei, has been compaiatively so short that we 
are not able to give actual figures in pi oof of this assertion As a rule, 
there are no subjective sj^mptoms on the part of the heait Veiy rarely 
there was a complamt of slight palpitation or some shortness of breath 
on model ate exertion The symptoms most often complained of aie due 
to irregularities of the neivous system, either of the peripheral nervous 
system, or else of the psychic sphere, or of both Usually the patients 
belonging to this class complain of stomach trouble A close studv of 
the history will nearly always disclose the fact that they have suffered 
more or less gastric distress as long as they can remember They show 
all those disturbances which are commonly attributed to hyperacidity and 
the formation of gas, and which so frequently pass under the name 
of gastritis, intestinal fermentation, etc Examination of the stomach 
contents after a test-meal commonly shows a greatei or less degree of 
hyperacidity, or rather of hjqierchlorhydria, but no signs of ulceration 
or of any other organic lesion — simply the purely nervous form of 
excessive acidity So, too, careful and repeated examination of the feces 
shows nothing abnormal, notwithstanding the continuous complamt of 
gas foimation and distress from distention of the intestines Patients 
of this class are thus frequently found m the hands of stomach specialists, 
wheie stomach washings, intestinal irrigations, medications and diets of 
all sorts are experimented on for years ivith but very little result Then, 
after having been told sufficiently often that they are nervous, the nerve 
specialist gets his chance, and electiicitj’', massage, hydrotherapy, sugges- 
tion, and even Christian Science are attempted — but in vain 

Besides these peripheral symptoms, there are very distinct and con- 
stant psychic signs It can be asserted with great positiveness that thq 
patients undei consideration are in no way hysterical The}’' are not 
''putting on”, they aie not playing sick in order to be the center of 
attention or to dominate then surroundings Their complaints do not 
alter, ])ut remain stationai}", and the patients are most anxious to get 
well In all the cases which we have considered as typical, not a sign 
or smiptom of hysteria has been detected The characteristic symptoms 
associated with the peculiar tjpc of small heart to which we wish to 
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dla^^ ailenlion aic of an entiieh diffcieni cla=': Tliese patients are 
ii=uall} ver} nuich dG])ics<=ed and me %ei} fiequently snb-ject to attacks 
of piofound h3pocliondiia, of Inngei oi «lioitei duration The c^mptoms 
thus fai mentioned, it is needless to ‘^ai ofcin ^eij often not accompanied 
\Mth the small licait, but in that eient not onl} is the h3'steiical status 
\ei\ fiequenth di=tinctl3 pie'^ent, but the ‘:3ndionie 11111011 ue have ]nst 
biiefl3' described is distinguished from othei foims of h3peiacidit3’ and 
Inpochondiiasis In the fact that our foiin of disease, vliich ue ma3^ foi 
the present and foi vant of a better teim call “miciocaidia ” is congen- 
ital, vhile all the othoi foims piesenting snnilai clinical symptoms are 
acquired (seieie shock stiong emotional influences, 01 nnmeious other 
causal factois) 

The small heait vhich wo considci chaiactciistic of this foim of 
mieiocaidia differs -von maikcdh fioni oihci foims of small hcait Tor 
instance, it is not at all like the hemt of the tubeiculous tre so-called 
^^diop-heait” {Ti opfenhcrz) of the Geimans, nor does it lesemble the 
heart of the naiiou -chested, as dcsciibed by Krauss in his biilliant 
aiticle Heaits ^el3■ similai to the kind of heart undei discussion have 
been called the 'dieait of the ueakling ^ Still this does not entiieh 
co\ei the giound, snice vei3 often patients afflicted vith microcaidia 
cannot at all be put into the class of the veaklings The heart that we 
mean is simply small It may be small in all directions — usually it is 
below the noimal minimum in the tiansieise axis Vnehow, it will be 
remembered, mentions the nariov aoita, and pist 111 passing, a possibly 
small heart of the chloiotic The cases we lefci to aie not necessaiily 
chlorotic, on the contrai3', the3 'ciy fiequently have a fulh noimal 
blood-count and the aoita is veiy often of noimal ividtli and apparently 
of noimal length and not at all the ^‘aorta angusta ^ of Ynchow although 
that form mav also occui The lieait is fully developed, and in most 
cases the left ventiicle and amide especiall3' come forward in the heart 
shadow vith all desirable distinctness The inclination of the heart 
toward the vertical is usually quite normal, only in laie cases being some- 
what more obtuse than undei normal conditions The blood-piessuie 
IS, as a rule, slightly below the noimal, although we have seen quite a 
number of cases with normal blood-pressure The examination of the 
blood occasionally shows a ceitain degree of anemia, but very frequently 
conditions are entirely normal 

We have begun to test the muscular vigor of these small hearts by 
the aid of the ergograph, but have not as 3et a sufficiently laige number 
of tests to give positive figures We can only say, in a general wa3^, that 
these small hearts are somewhat more easily fatigued and cause slight 
dyspnea more easily than normal hearts There is, however, not the 
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slightest trace of deficiency m the heart-muscle itself The heart is 
simply congenitally small 

We have not been able to examine the hearts of very small children 
because ive could not get them to keep still, but we have examples of 
children of 14, even of 11 years, a time when the development of the 
heart should be pioportionately great, in which the heart was, on the 
contrary, small, but, as above stated, there was not the slightest sign of 
deficiency of muscle We may also add that we have never found m the 
trae and uncomplicated cases any signs of myocarditis We have had 
occasion to obseive one or two of these small heart cases for quite a 
number of years, from j'-outh until later middle age, but have not found 
the slightest change in the muscular condition of the heart, nor have we 
found any of the usual secondary S 3 'mptoms of cardiac msufficiency or 
m 3 odegenerat]on — no enlargement of liver or spleen and no nephritis, 
or edema, etc 

We wish to quote here a passage from Laennec’s treatise on “L’ Aus- 
cultation Mediate,^^ ^ this quotation showing the wonderful genius of 
Laennec and his almost incredible clinical and pathological insight 

I do not think that diminution of the size of the heait can in any 
case be considered a disease I have nevei obser\ed any symptom which 
could be attributed to this cause, or rather, those peisons in whom it 
was found all appeared to me less subject than usual to inflammatory 
aflfections and disoiders of the ciiculation I may remaik, however, that 
several hypochondiiacs, who were liable to faintings from various slight 
causes, gave, under the stethoscope, signs of a very small heart, and we 
know, moreovei, that women, who aie much moie liable to these attacks 
than men, have in general smaller hearts 

The tracings, drawn vitb the orthodiascope, illustrate what has been 
said above As will be seen, we give all the measurements usual in 
orthodiascopic stud 3 ’’ of the heart, including the total aiea 

In order that the difference between the normal heart and the abnor- 
mall 3 ’' small one may be seen and the different cases compared vuth meas- 
uiements made by others, we have reproduced, in Figure 1 the heart of 
an adult male, which in ever 3 ’’ essential respect, as far as can be seen, is 
perfectly normal Figure 3 shows the heart of an adult female which is 
also, accordmg to all means of diagnosis, perfectly normal In this figure 
the orthodiascopic picture of the lungs is filled out, merely to show that 
it IS better, for stud3ung the figure of the heart, to draw the heart and 
aorta alone It may be of interest to know that Figure 3 is, in addition, 
a good instance of what has been said about microcardia and its accom- 
pan 3 ang S 3 fmptoms as being congenital The woman whose heart is here 
represented has for nine years been subject to all of the S3'mptoras men- 

1 Laennec L’ Auscultation mediate, transl by Sir John Lorbes, Ed 1855, 
p 570 
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tioned liypci acidity flaliilencCj spells o{ dcpicssion, hypochondriasis^ 
to^eilioi with a iiunibci of Instencal ‘jynploins Unljl nine 3 'ears ago, 
lion ei Cl, she was pcifcctly heallliy and her picseni symptoms, which aie 
identical in all ic'^jiccts with tho'jo as'^ociated with iniciocaidia, appeared 
quite acutely aftci a complete h}PiciectoinA 

In Figiiies 3 and 1 aic lepicsenled tlie heaits of tw'o children — a 
bo} 73/2 ^Gals old with a noinial hcait, and a giil of 11 }eais also wnth 
noimal inea':ni cnient*^ It is ea«3 to see that the deielopinent of the left 
vontiicle has steadil} piocecdcd and that the heait is now no longer of tlie 
same lonndcd dgiire, the left icnlncle and the piopoitionate doielopment 
of the aniifle having gnen the hcail a <?hapc moie like that of the adult 
beait 



Tig 1 — ^Noinml heait Patient 5 feet, 9 inclies tail, neight 130 pounds 
Blood-pi essiiro, 125 85 (Erlangoi) Heart area, 98 sq cm 

lYe now come to a consideration of the abnormally small heaits of 
the tipe we have spoken of Figure 5 shows the heait of a man, 35 leais 
old, who has always been moie oi less sensitive and nervous, wntli hypo- 
chondiiacal fears about Ins health He has considerable h3’peraciditY and 
has also had heart attacks winch ho supposed to be angina pectoris On 
examination, however, the heart was found to be normal Theie was an 
occasional extiasystole and the first sounds at the base were rather feeble 
and muffled, but there wns absolutely no murmur The urine was normal 
except for a considerable excess of indican He did wmrk equal to a 
thousand kg in four minutes with but slight increase of pulse and pres- 
sure, the pressure, on the whole, being slightly lower than normal — 
evidently a case of cardiac neurosis The tracing of the heart showed a 
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Fig 2 — ^Llrs L, aged 45, 5 feet, 5% inches tall, weight, 130 pounds 
Blood-pressure, 130-85 (Erlanger) Artificial menopause, nine years ago All 
kinds of nervous symptoms Normal measurements 



Fig 3 — Beatrice K, aged 11, weight, 54^4 pounds, height 4 feet 11 inches 
Blood-pressuie, 100-70 (Eilanger) Normal measurements Area, 57 sq cm 
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fnnly noiinal aoiia but a lieait docKlcfl]}' small as compared witli his 
size and eight 

Jn Figme 6 Me lla^e the heait of a 30 ung man^ 18% jeais old, some- 
Mhat below weight, with a nonnal pic^-suie (l-JO-90, Erlangei) He 



Tig 4 — Rich.iid K , aged 7^/1', %\oigl)t 15 pounds, 4 feet tall Normal measure- 
ments Area, 45 sq cm 



Fig 5— Male, aged 35 Heart decidedly small as compared with size and 
weight of patient 

has complained for a long time of fainting spells and attacks of dizziness 
The heart is below normal in all dimensions and the aorta is also verj' 


nai row 
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Figure 7 is from a young man of 21 years, with rather low pressure 
(140-90, Eecklinghausen) He has alwaj^s been very nervous and suffers 



Fig G — Erick K, aged ISV 2 , weight 109 pounds, height 5 feet 6 inches 
Blood-pressuie 140-90 (Erlangei) Fainting spells, attacks of dizziness All 
measuiements aie below the normal Aiea, 83 sq cm 



Fig 7 — Sam H, aged 21, weight 120 14 pounds, height 5 feet 9 inches Blood- 
pressure 140-90 (Eecklinghausen) Neurosis, hyperacidity Mucous colitis 
Transverse measurements are considerably below normal Aioa, 82 sq cm 

more or less from hyperacidity and mucous colitis In this heart it is 
the tiansveise diameter particularly that is too short for a man of liis 
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si/e niul eight The aoila is comparalivel} iiicle and the left ventiicle 
Moll developed, but it iniist, iievci Ihelcss be classed among the small 
hcai ts 

Figuie 8 shoMS the heait tiacmg of a jonng uoman of 26 years who 
ueighs onlj lOo pounds, picssuie 155-05 (Jtecklinghausen) This heart 
IS belou normal in all luea'^uioment^: Besides the oidinaiy coniplamts — 
weakness, hyperacidity, etc — tlieic aie distinct stigmata of degeneration 
in this patient, e'^pcciallj malfoimatioiis of the hand — ludimentaiy 
fii st phalanges, absence of othei phalanges, etc 

Tigurc 9 shous the hcait of a young yyoman. 38 }eais of age, yveight 
only OlVo pounds, pic'^suie 115-75 (Eilangci), geneial yyeakness and 



Fig 8 — ^Miss St , figcd 2G, eight 105 pounds, heiglit 5 feet Blood-pressure 
155-95 (Recklinghausen) The habitus malformation of hand All measuiemeiits 
are below the normal Area, 78 sq cm 

some anemia A heait distinctly small and beloyv the normal in all 
measurements 

Figure 10, young yvoman about 18 years of age, S7i/^ pounds m 
yveight, pressure 108-74 (Erlanger) All measurements distinctly below 
the normal This heait seems typical of the small hearts in chlorosis, 
mentioned by Viichoyv In this patient tlieie yvas considerable anemia, 
hemoglobin only 65, reds below 4,000,000 The exceptionally well- 
marked aorta angiista is also to be seen m the figure 

Fisure 11, tracing from a woman, 44 jmars of age, 5 feet 8 inches 
tall, who has been observed for a number of years She has always been 
a high-strung, rather feeble, nervous woman, with digestive disturbances. 
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slight anemia and spells of depression The heart shows a well-developed 
left ventricle, bnt the transverse diameter is considerably below normal 
During an observation of many years, this heart has always remained the 
same and has shown no signs of mnscnlar insuflBciency 



Fig 9 — ^LIiss I, aged 18, weight 91% pounds, height 5 feet 3 inches Blood- 
pi essure 115 75 (Erlanger) Geneial weakness All measui ements are below 
the normal Aiea, 65 sq cm 



Fig 10 — ^Miss G, aged 18, weight 87% pounds, height 5 feet 4 inches Blood- 
pressure 108-74 (Erlanger) General weakness, anemia Hh Co, red 3,800,000, 
Ailnte, 5,200 All measurements are small Area, 62 sq cm 
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Figuie 12 , the case of a girl only 15 years old of poor phjsical 
development, who has been backward from caihesi childhood At present 
no sign of menstriiation or noiinal giowtli of hair, but there are no 
mental defects This lieait is considciably below the noimal m all its 
measuiemcnts but does not belong to the cases of microcardia here 
demonstiatcd, and is included merelj to show' the contrast between the 
congenitally small heait with the clinical syndromes of which we have 
spoken, and a hcait meicly bad!} developed and retaided in its normal 
gi owlh 

We might add mai^ moie examples and fuinish numeious further 
iHustiations, but we think the few «howii will be siitTicient to illustrate 
what IS meant 



Fig 11 — Mis K, aged 44, height 5 feet 2 inches Higli strung, nervous 
woman Tiansveise diametei is considerably beloi^ normal Area, 85 sq cm 

Eefening once more to the clinical symptoms in connection with the 
small heart, tlieie are, as has been stated previously, a great many cases 
of hypeiacidit), flatulence and gas distention, combined with all sorts 
of peiipheral and central nervous aflCections, wdiich are not associated 
with the small heait and which differ in many respects from the type 
which we have attempted to delineate, on the other hand, there are all 
soits of transitions and deviations from the typical condition, as ^ust 
described Theie may be, for example, little or no hyperacidity, the 
psvchic disturbances may be latent, the peripheral nervous conditions 
may be very insignificant, or the nervous disturbances may become mam- 
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fest m some other way the congenitally small heart and the congenitally 
nervons predisposition will always be present 

We wi=h to reiterate most strongly that we do not for a moment 
consider this small heart, this microcardia, as in any way the cause of 
the other symptoms, or even that it constitutes a predisposing factoi 
The small heart is simply one symptom in the entirety of the clinical 
pictuie Whsit the cause of the whole may he, what its etiology, we 
cannot even presume to guess , but we can see in this peculiar combination 
of a small heart with all sorts of peripheral and central nervous compli- 
cations a striking example of the coi relation to each other of the various 
organs and functions of the body, however widely separated. It appears 
probable that the future — possibly the near future — will give us much 
uew and impoitant information on these very subjects The study of 



Fig 12 — Esther R, aged 14, height 4 feet liy^ inches, weight G 6 V 2 pounds 
Blood-pressuie 110-80 (Erlangei) Poor physical development, no mental defects 
Measurements, below noimal Area, 58 sq cm 

the so-called internal secietions and of the chemical and physicochemical 
f Dices active along these lines have already led us to conceive of the 
entile organism as a unit in this sense, that all the organs, all the tissues, 
all the functions are in some way connected and aie continually acting 
and reacting on each other, under noimal as well as undei pathological 
conditions Perhaps in the case of this form of miciocardia, also Kiaus’ 
view applies — namely, that we have to deal with differences in develop- 
ment and growth, parti}'' ontogenetic, partly phylogenetic, in various 
paits of the body and stiictly correlated to each other 
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'I'hc piogno^i^^ n= io life in ihQ<=c caccs is, of 00111=0, pcifoctly good, 
11= io hcalili it i*' not qniic =0 faioiable It 1= not difTiciilt to counteract 
ilic Inpoiaculili, and foi a iontr time, poihap= dining life, to moderate, 
if not lolioic cntnoh, the =iiflciing<i due to the impairment of the gastric 
function^ ]t seems tine, also, that eien vitliout any treatment uhat- 
=00101. most of tho=e patients quiet down uitli adiancing 3’ears, the 
iintahiht}’’ of tlie peiipheial none-' the p=}'chic dopie=sion, etc, becoming 
giadualh le=s niaiked and annoiing alllioiigh tl)e=e patients uill alwais 
lemain nennu= and unable to bear gieat exeition or ph}sical or 
emotional =tiain Jfaii^ liavo =0 fai inipioied in later icars as to be 
con=idciecl bi theni=ehe= as ucll a= !)> then fi lends as entnci} cured 
Tlielc 1= e\en an impie=sion, uliieli of course cannot be pioved foi a long 
time, that patients of this tipc aic le=s subject to arteriosclei osis and 
othei lesions of the hcait and blood-iessels 

n'he tieatment should in piinciple be leij simple The stomach 
u ash mgs and into=tinal iiiigation=, the admini=tiation of powerful and 
eien harmful duigs should be aioidcd J^eithei =anatoiiums nor rest- 
cures aio, as a lule, adiisable A simple, oa^il^ dnrcstible hut highly 
nutiitious diet, diiccted as uell against the h^poiacidity a= against the 
flatulence, should be con=i=tentl} ndheicd to. possibly loi many 3 ears 
The oidinaiy tieatment of lijpei acidity and flatulence — magnesia in its 
^allous foim=, plnso=tigina, etc — ma^ pio\o useful The main tieat- 
ment, howe\oi, should be a nioial one The confidence of the patient 
must be gained and held undei all conditions and it should be insisted on 
that relief and cure do not come fiom drugs, but fiom a right way of 
living and fiom self-discipline in combating the mental depiession. etc 
Life in the open, adequate hjdiotherap^'', etc along similar lines will 
also be of seivice. and these means, while not effecting a cure, maj", at 
any rate, lead to considerable anielioi ation of the sjmptoms 

Finally we would lemaik that this tj’pe of small heart, having once 
been sufidciently studied by the orthodiascope, the lattei as well as the 
TJoentgen lays in general may be dispensed with The oithopercussion 
suggested by Plesch and elaborated by Goldscheider, Eurabach and others, 
if piacticed with care and skill, enables the geneial practitionei to obtain 
the size and configuration of the heait to all intents and pui poses as 
accurately as through the orthodiascope We have tested both pioce- 
dures many times m one and the same individual and have found that 

they tally very satisfactorily 
22 East Si\ty-Second Street 
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THE INFLUENCE OF KIDNEY EXTRACTS ON THE 

BLOOD-PllESSUEE 

SOPPL] Ari'N TAlt\ X03 L 
RICII-VKD JI PKARCF, :M D 

NJW •iOlIk 


The stud} of c\tiact« of the kulniA i‘- of impoitance in connection 
lutli that phase of ilie tlieon of tlie intoinal secretion of the kidnev 
which asciihcs to such a h}pothctical scciction a pait in the pathologi 
of 1110*50 lesions of the caidio\asciilai s\‘5tcm chaiactcii/ed b} Inpei- 
tension In an cailici inicstigationd 1 haic presented in detail obser- 
^atlons indicating that the dogs kidno\. unlike that of the labbit and 
some othoi animals, docs not contain a picssoi ‘substance, and denion- 
‘jtiating concliisnclv that it does contain a poneifiil dcpressoi substance 
Minch IS present also in the name In vicm of the fact that the pies'-oi 
substance of othei oigans, as -for example the adienal. is constant for 
all mammals, these obseraations failed to suppoit the nniTersal applica- 
tion of that phase of the tlieoi} of mteinal secietion Minch asciibes to 
the kidney a piessoi function 

The latoi obsciaations of Bingel- and his associates rendeied neces- 
sai}, hoMevei, on account of the method Minch they emplojed a lemves- 
tigation of this question 

These investigatois found that a piessoi substance could be demon- 
stiated constantly in the piecipitate obtained by satin ating the aiito- 
l}zed kidney extiact Mith ammonium sulphate They M'-oiked chiefly 
Muth the kidney of the pig but studied also the kidiie}s of vaiious otliei 
animals Muthoiit, hoM^evei, special attention to the dog’s kidney Their 
method M'as as folloM's 

The coitex of pigs’ kidnejs obtained in a fiesh condition fioni a 
slaiightei-house ivas washed Math salt solution, hashed, ground with 
quartz sand in a mortal and after the addition of infusorial eaith, the 
juice was expressed under a piessure of 450 atmospheies It Mans tJien 
allowed to autolyze under xylol for fiom six to fourteen days at a 


'From the Depaitment of Research Medicine, - University of Pennsylvania, 
aided hy a —rant from the Rochefellei Institute for Medical Research , 

1 Peaice, R M An Experimental Study of the Influence of Kidney Evti acts 

and of the Serum of Animals with Renal Lesion on the Blood-Pi essui e, Jour 

Exper Med , 1909, xl, 430 , o , . 

2 Bingel, A , and Strauss, E Uebei die hlutdiucksteigernde Substanz der 
Nieie, Deutsch Arch f Win Med, 1909, xcvi, 476, Bingel, ^ , and Claus, K 
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tempeiature of 37 C and, after removal of the suspended particles, v'as 
half satniated with ammonium sulphate The fluid obtained after filtra- 
tion was then completely saturated and the precipitate aftei dialysis was 
used for injection into the labbit 

This method applied to the dog’s kidney has failed, in my hands, 
to jaeld an extract which, when injected into the dog, is capable of 
producing a piessor effect Extracts of the whole kidney, as of the 
cortex only, produced no change in the blood-piessure Likewise, if the 
stage of antolysis was omitted, the extiact obtained by complete satura- 
tion wath the ammonium salt was inert On the contrary, the jnice 
obtained by Buchner pi ess and not autolyzed or treated with ammonium 
sulphate gave a depiessor effect It is evident, theiefore, that the method 
of Bingel, while it removes the depiessor substance, fails to demonstiate 
the presence of a piessor substance This conclusion is not, however, 
to be regarded as a criticism of Bingel’s method, but only as a demon- 
stration of the fact that a pressor substance, if it exists in the dog’s 
kidney, cannot be isolated by the metliod of extraction which he desciibes 
It has been possible, however, to approach this problem in anothei 
way As I have shown elsewhere,^ the depressor substance normally 
present in dog’s urine frequently disappears from the mine in the seveie 
foims of nephritis caused by uranium nitrate and potassium chromate 
It was assumed, therefoie, that if this substance disappeared from the 
mine it would likewise be absent from the kidney, and if the kidney 
contained a pressor substance normally masked by the depressor sub- 
stance, the piessoi substance w^ould under such conditions be demon- 
stiable in the kidney extract Experimental nephritis has therefoie been 
produced by the use of uranium nitrate and potassium chromate, and the 
urine of the animals, obtained after three to six dajs, the usual peiiod 
of disappearance, has been injected daily into normal dogs When the 
depressor substance of the urine w'as found to be absent, the animal was 
killed, its kidney washed free of blood wath noimal salt solution, and the 
juice expressed with the aid of a Buchnei press 

In several very carefully planned experiments, representing uranium 
and chiomium nephritis, it was possible to obtain extracts of the kidney 
at the time of total disappearance of the depiessor substance fiom the 
mine, but only two extracts were of value in the study of the point in 
question, one of these wus entirely devoid of depressor action and the 
othei only slightly depressing Neither, however, gave the slightest 
CMdence of the existence of a piessor substance These experiments 
though few in number, would theiefore appear to indicate that the non- 

3 Pearce, R M The Depressor Substance of Dog’s Unne and Its Disap- 
pearance in Ceitain Forms of Experimental Xephntis Jour E\pei Med , 1010, 
Ml, 12S 
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dornoiistiation of a pie^oi sub'^lance m ilie dog’s kidnc} is not to be 
explained as a inasbing of this ‘^iib'-lancc bj the more powerful depiessor 
substance The picssoi substance appaienll}, docs not exist in the 
kidne} of this animal 

SUintATlY 

The method n=cd b} Bingcl and hi- a-=ociates to denioiietiate a 
pics=or snhslance in kidnc} extinctb fails to rcieal such a substance in 
extiacts of the dog'- hidnei Extracts of the kidneis of dogs lutli 
experimental in am uni and chiomiiim nephiitis, pieparcd at a time ivhen 
the nnne i= free of the nonnal^ pic'^ent depies'^oi substance, have no 
pie^sor ctfcct. 

These obsciiation- uould appeal to demonstiate conclnsncl} that the 
doge kidiiei does not contain a picssor substance which is masked b} 
the moie poweiful depic'soi substance Tliei also fail to support that 
pha'^e of the Iheon of inteinal secietion which a=cumes that the kidney 
fuini‘-hes a pie=soi =ubstnnce of impoitance in the patholog}’’ of cardio- 
laseular disease 
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G H WHIPPLE, MD 

BALTIMOKE 


PART I ABSEROE OF BLOOD COAGULATION IN A CA8E OF SEPTICE- 
MIA DUE TO TEE PRESENCE OF ANTITHROMBIN —A COM- 
PARISON WITH “PEPTONE BLOOD” 


Any one familiar witli the literature on blood coagulation will realize 
that not all the factors entering into normal blood-clotting are clearly 
understood or are explained in various ways by different workers Grant- 
ing this uncertainty concerning the noimal process of blood coagulation, 
it is not strange that there aie more uncertainties and divergencies of 
opinion bearing on the factors concerned in abnormal or pathological 
coagulation of blood It seems obvious that we cannot expect to have a 
satisfactory classification of various hemorrhagic diseases until we have 
a clear understanding of the mechanism of normal blood-coagulation 
When this mechanism of coagulation is understood it will be possible to 
group together many of the indefinite groups of hemorrhagic diseases, 
hemophilias, purpuras, melenas, etc , according to whether there may be 
absence of some essential element or presence of an abnormal element 
having to do with blood-clotting It may be of interest, in the light 
of our piesent knowledge concerning blood coagulation, to attempt a 
classification of some of the diseases associated with a hemonhagic tend- 
ency Perhaps it would be more satisfactory to attempt to group and 
lename some of these hemorrhagic diseases according to the essential 
abnormality in the coagulation complex but the clinical names, although 
unsatisfactory, are established and can scarcely be replaced until a new 
classification shall be fiimly established on a scientific basis It is con- 
ceivable that we may talk about a ""platelet purpura” oi an ""antithrombm 
hemophilia” when it can be shown beyond all doubt that certain hemor- 
rhagic diseases may be dependent on such factors as ""platelet” supply or 
""antithrombm” production or neutralization 

At this point it may be well to indicate in a schematic way the 
mechanism of normal blood-coagulation 


Prothrombin 
Caloium 
t Kinase ? ) 



Anti thrombin 
(Thrombin 
Fibrinogen 



fpibrin 

Iciot 


*From tlie Hunterian Laboratory of Experimental Patliology, Johns Hopkins 
Medical School 
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THE ARCHIVES OF IRTERHAL MEDICINE 


Tills general plan of blood-coagulation is supported by most of the 
recent work and one can find an excellent presentation of the whole 
subject and discussions concerning the various theories in recent articles 
by Morowitz^ It is generally admitted that prothrombin requires the 
presence of free calcium salts for its conversion into thrombin There 
IS some doubt as to whether the kinase is a necessary element in coagula- 
tion, but the presence of some such body (Morowitz) seems to accelerate 
blood-clotting 

HowelP recently has brought proof that this well-known fact of the 
acceleration of blood-clotting by tissue 3 uices is due to their neutralization 
of an antithrombin present in normal blood Howell’s theory may be 
expressed in a schematic way as follows 


Antithrombin ^ 
Prothrombin 
Calcium 



( Thromboplastin ) 
(Thrombin 
Fibrinogen. 



(clot 


All the elements of coagulation are present in the circulating blood but 
the prothrombin is bound by the antithrombin The production of 
thromboplastin by platelet oi tissue injury results in its combination 
with antithrombin which frees the prothrombin and the coagulation 
proceeds as indicated Tlie importance of antitlii omhin is much in doubt 
at present, but it may be an element concerned in normal blood-coagu- 
lation and surely plays an important rble in some diseased conditions 
Its presence can usually be demonstrated in dogs’ blood after an injection 
of peptone solutions, and it is the active principle of the substance 
Imudiii This antithrombin may or may’’ not prevent the formation of 
thiombin, but does inhibit the union of thrombin with fibrinogen to 
form fibrm This substance, according to Howell," can neutralize pro- 
thrombin and also thrombin after that body is formed 

F^h'>lnogen is a globulin-like body which is present in the normal 
blood in fairty constant amounts — from 0 8 to 0 ^ gm per 100 c c of 
plasma This substance is removed from the blood wtio by coagu- 
lation It forms the body and main bulk of the clot, and is a much 
more definite factoi than thrombin or antithrombin If this substance 
IS reduced in the blood there is no abnormality in the process of 
blood-clotting, but the formed clot is more or less flabby depending on 
the amount of fibrmogen This condition in the circulating blood is 

1 Morowitz, P Handbuch d Biocbemische Arbeitsmetboden, E Abderhalden, 
1911 V 223 

Morowitz, P , and Biencb, E Arcb f exper Patb n Pbarmakol , 190T, Ivi, 

115 * 

2 Howell, W T Am Jour Physiol, 1910, xxvi, 435, 1911, xxix, 187 
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invariably associated with extensive liver degeneration, or insufficiency 
so the liver may be looked on as one factor concerned in tlie elaboration 
of fibrinogen We are ignorant wliether or not fibrinogen serves any 
other purpose except in connection with, blood coagulation, but it is 
possible that tins globulin may be available for tbe nourishment of the 
tissues Experiments carried out in this laboratory give no support for 
the view (Nolf^ and Doyon^) that this substance may be used up rapidly 
after removal of the liver from the circulation No marked drop in blood 
fibrinogen is observed five hours after the liver has been cut out of the 
general circulation by means of a preliminary Bek fistula and a secondary 
hepatic artery ligation As yet our methods of study of these elements 
of coagulation are crude and we are unable to classify, in a satisfactory 
manner, many of the hemorrhagic diseases, but it may be of interest to 
note some of the conditions in which there is abnormal blood-coagulation 
where the deviation from normal can be recognized 

It has been shown by Jacoby,® Doyon,^ and Whipple and Hurwitz® 
that the fibnnogen of the blood may be reduced to a very low level (even 
1 per cent of normal)) by poisoning with phosphorus or chloroform 
When the fibrinogen is present in only small amounts in the circulating 
blood we may observe extensive hemoiihages from small wounds m the 
skin, oozing from the mucous membranes and purpura This drop in 
blood fibrinogen is invariably associated with extensive injury to the 
hepatic tissue, usually with extensive necrosis of the liver cells Eecently 
we have had the opportunity to examine a human being who showed much 
the same symptom-complex — repeated attacks of purpura, gastric hem- 
orrhages and a slight degree of icterus Examination of the blood shortly 
after death showed that it clotted in the normal time but the blood-clot 
was so filmy as almost to escape detection The thrombin and calcium 
were normal and no antithrombin could be demonstrated Determination 
of the fibrinogen showed a very small amount -(about 6 per cent of 
normal) and this factor was obviously responsible for the hemorrhagic 
featuies of the case The blood could clot but the coagulum was not 
tough enough to seal the ends of the broken vessels Tbe essential lesion 
in this case was an advanced cirrhosis of the liver with much degener- 
ation of the remaining parenchyma giving rise to a true hepatic 
insufficiency 


3 Nolf, 1? Arcli Internat d Physiol, 1905-06, in, 1, 1910, ix, 407, 1911, v, 
37 Estratto d Aicli d Fisiologia, 1909, vii, 1 

4 Do-\ on, M Soc Biol , 1905, Iviii, 30 

Doyoii, M, Moiel, A, and Policard, A Compt rend Soc biol , 1911, Ixx, 92, 
1911 K\, 115 

Do^on, M, Moiel, A, and Kareff, N Compt rend Soc biol , 1904 Ivi, 612 

5 Jacoby Ztsclir f phys Cliem , 1900, xxx, 174 

C Whipple and Huiwit? Jour Exper Med, 1911, xiii, 136 
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Duke,’" m recent publications, lias empliasized tlie relation of platelets 
to man] cases of hemonhagic disease, and has shown that some cases 
may show a wide fluctuation in the platelet count, but that when the 
platelet count falls below 5,000 to 15,000 per cubic millimetei, the 
patient invariably suffers from dela 3 'ed bleeding-time and may have 
attacks of purpura^ bleeding from mucous surfaces, etc Blood fiom 
these patients during such intervals vill clot in the usual time m the 
tissues or in the test-tube, but this coagulation does not close the ends 
of the several capillaries One can make a reasonable objection to Duke’s 
reports, as he has not followed the othei elements of blood-coagulation 
at the same time with his platelet counts It could be argued with faii- 
ness that there could well be a fluctuation in some essential element — 
for example, kinase or thromboplastin — which could account, too, for 
the purpura and hemorrhagic sj^mptoms The investigators who choose 
to look to these elements (the platelets) as the source of one of the coagu- 
lation factors would surelj’^ raise this question and perhaps with justice 
It IS possible, however, that the agglutination of platelets in these rup- 
tured vessels is essential to effective coagulation, and here we have too few 
platelets to form effective thrombi — the blood may clot but is unable 
to seal the ends of the severed venules because of this lack of platelets 
This IS somewhat analogous to the condition in chloroform poisoning 
with very low blood fibrmogen vhen, also, the blood will clot in vivo oi 
in vitio, but owing to lack of fibrinogen the clots are very filmj and 
flabb}, quite unable to stop the bleeding and seal the ruptured vesseh 
Duke, working in this laboratory, has been able to show that simultaneous 
reduction of platelets and fibrinogen experimentally is followed by pur- 
pura and prolonged bleeding from small wounds 

The abnormal coagulation of blood in certain cases of jaundice i= 
of considerable interest and vaiious explanations have been advanced 
(especially a lack of thiombokiuase — Morowitz^) In certain cases at 
least, the blood clots verj slowly in contact with the bodj' tissues oi even 
in the test-tube Erom work done in this laboiatorjg it seems probable 
that the calcium salts m such cases may be with difficulty available for 
blood-coagulation King and Stewart® have shown that the bile pigments 
are very toxic and are neutralized in part, bj" the calcium salts The 
union of bile pigment and calcium is a pretty firm one and calcium thus 
combined is only slowly available for blood-coagulation, as can be shown 
b}' experiments m vitro This gives an explanation for the great delai 
of blood-coagulation in some cases of jaundice in which all the elements 
of coagulation can be demonstrated to be present Calcium analysis will 

7 Duke, W W Jour Am Med Assn, 1910, Iv, 1185, Jour Exper 3fed , 
Kmg, J H, and Stewart H A Jour Exper Med 1009, xi, 673 
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show an excess of this metal, yet it is available only with difficulty because 
of its union with the bile pigments This observation is in harmony 
with the well-]mown fact that administration of calcium salts will lowei 
the coagulation time We do not mean to say that all the cases of jaun- 
dice with bleeding are to be explained in this manner, as there seems to 
be another factor concerned. We hope to report further on this in the 
near future 

Piothrombin, or thrombin, has been found to be present in normal 
amounts in most hemorrhagic diseases — at least in so far as our present 
methods permit us to study thrombin or its parent substance prothrombin 
It IS possible that there may be exceptions to this rule, as may be 
instanced by the report of a fatal case of melena neonatorum which 
furnished a tj'pe of blood that contained normal amounts of fibrinogen 
and calcium, but would not clot on prolonged standing i7i vitio ISToi 
would it clot even after prolonged contact with the body tissues This 
blood did not inhibit the coagulation of normal blood, and Schmidt’s 
method by alcoholic piecipitation yielded no thrombin The absence of 
coagulation in this case is due not to the presence of any aDtithrombm, 
but to the lack of thrombin or prothrombin This observation is in 
harmony with numerous observations (Moss,® Schloss^®), that serum 
treatment is of the greatest value in these cases and may check the 
bleeding at once Fresh serum, of course, is rich in thrombin 

Antith ombin is a substance which has excited a great deal of intei est 
in the past few years, and has been studied in various conditions bearing 
more or less intimately on the physiology and pathology of the liver 
For example, ConradP^ was able to isolate a substance capable of inhibit- 
ing normal coagulation, by autolysis of organs obtained with aseptic 
precautions This substance is very resistant to heat, not destroyed by 
boiling and is capable of diffusion A similai substance capable of 
inhibiting coagulation is produced in the circulation during the reaction 
known as anaphylactic shock, and it is certain that the liver is essential 
for the completion of this reaction (Folf,® Voegtlin and Bernheim^®) , 
for if we cut the liver out of the circulation by various methods, we get 
no diop in blood-pressure and overproduction of antithrombin The best 
known method of obtaining the antithrombin is by intravenous injection 
of peptone solution into dogs and cats here, too, the agency of the liver 
IS essential Doyon and his assistants have been able to isolate anti- 
thiombm by perfusion of the liver by arterial blood, or peptone blood, 
and find that this substance withstands boiling, suggesting a close relation 

9 Moss, W L , and Gelien, J Johns Hopkins Hosp Bull , 1911 xxn, 272 

10 Schloss, 0 jM and Commiskey, J J Am Jour Dis Children, 1911, i, 27G 

11 Conradi, H Eeitr z chem Phvsiol u Path (Hofmeister) . 1902, i 136 

12 Voegtlin C, and Beinheini, B M Jour Pharm and E\per Therap , 
1911 11 507 
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to the substance isolated Coniadi fiom autolj'zed liver-tissue Doyon 
has also found it in oi dinary fresh extracts of livei -tissue Hirudin is 
a substance obtained fiom the leach and seems to be a relatively pure 
antitbiombin One must giant that it is highly improbable that all 
these substances aie chemically equivalent, although they have many 
piopeities in common, paiticulaily the ehaiacteristic of antagonizing the 
action of thrombin or prothiombin As strong evidence that these 
various substances are of different natuie, we may note that the material 
(antithrombm) isolated by Conradi, Doyon and his pupils, is a very 
resistant bod}’-, but Howell’s antithrombm is very easily destroyed by heat 
It IS Imown that in some cases of septicemia there is a delay in blood- 
coagulation but the explanations aie not clear nor simple Some writers 
suggest the escape of autol3dic products into the blood as the causative 
factor, but it is well known that in pneumonia the blood clots more 
quickly and firml}'- than normal Yet m this disease, after the crisis, we 
have enormous amounts of autol5dic material derived from the fibim, 
bacteria and wandering cells poured into the blood stream We may 
argue of course, that in a case of septicemia the system may be flooded 
with peptones and proteoses resulting fiom the solution of the tissue and 
bacterial pioteids — that in such a case the body has no adequate means 
to neutralize the antithiombin which is produced by liver stimulation, 
and finally, in pneumonia, that we may be dealing with a refractive 
period which may result m animals following injections of peptone at 
varying intervals before the final large injection There is little or no 
weight in the argument that the autolysis of leukocytes in pnemnonia 
frees an abundance of kinase which accounts for the rapid coagulation 
in this disease, for one can turn and apply the same reasoning to a case 
of pyemia in which the leukocytes are dismtegrating in enormous numbers 
and yet this blood may clot only after standing for hours The mam 
difference in the autolj'-sis proceeding in a pneumonic lung, as contrasted 
with the tissue digestion in pyemic abscesses, is that in the former the 
digestion is proceeding in a tissue rich in blood and affecting leukocytes, 
fibiin, alveolar epithelium and bacteria In the latter case the autolysis 
IS progressing in tissues shut off, in gieat measure, from the circulating 
blood and affecting bacteria and tissue cells, especially leukoevtes and 
relatively little fibrin This difference must account foi the wide vari- 
ation in the blood-coagulation — accelerated in the former case and 
greatly retarded or quite inhibited in the latter The essential thing is 
the difference in the type of autolj'-sis, for one can be certain that great 
amounts of autolytic material fiom bacterial and tissue proteids do 
escape into the blood circulation in both these diseases It must be 
admitted that at present there is no adequate explanation for the fac 
that in some diseases there may be much proteid destiuction and absorp- 
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tion with noimal or accelerated blood-coagulation (pneumonia) , that in 
other diseases there may be much the same process going on under 
slightly different conditions with veiy abnormal and greatly delayed 
blood-coagulation It is not easy to explain why blood-coagulation is 
apparently normal in some cases of septicemia and greatly delayed in 
other cases But we believe that the following report will show conclu- 
sively that, in this case of septicemia at least, there was a very great delay 
in blood-coagulation due to the presence of a powerful antithrombin — a 
substance capable of inhibiting the coagulation of normal blood 

REPORT OF CASE OF SEPTICEMIA 

Ohnical and Pathological Summary — A stiong healthy white man was taken 
suddenly ill on Oct 10, 1910, with chills, fever and soie throat Several joints 
became hot and swollen and he was in bed with fever October 22, he became 
short of breath and had much precoidial pain He was admitted to the hospital 
three days later, veiy ill, with dyspnea, marked anemia, suppurative tonsillitis, 
arthritis and peiicarditis November 3 blood culture gave growth of Staphylococcus 
aureus and subcutaneous abscesses developed in various regions whieh yielded the 
same organism Death occuried Nov 6, 1910 

Autopsy, one and one-half hours aftei death, showed numerous subcutaneous 
abscesses, purulent tonsillitis, purulent pericaiditis with effusion, multiple 
abscesses in kidneys, prostate and bone-mairow, purulent arthritis Tlie blood 
removed from the heart is discussed later and that which remained in contact with 
the body tissues clotted rather slowly and formed flabby clots in from five to ten 
minutes The abstracts of the clinical history and autopsy report are submitted 
as they may be of importance in futuie study and repoit of similar cases 

Olmical History — C V B, white male, aged 10, medical No 26427, was 
admitted Oct 25, 1910 Died Nov 6, 1910 He complained of shortness of breath 
and rheumatism The family and past histones were negative The patient had 
alnays been well, strong and active Habits weie excellent The present illness 
began suddenly on October 10, with a severe chill and fever The patient noted 
that his throat was sore and the following morning Ins right ankle was swollen 
and tender He remained in bed with fevei, headache and bad pains Two days 
later the right knee became swollen and tendei Throat continued sore and 
swallowing Avas painful Three days befoie admission he became very short of 
breath, pale and cold and complained of precordial pain and was thought to be 
dying The day before admission he had a second similar attack On admission 
he complained of pains over the heart as Avell as dyspnea 

Examination — On admission patient appeared very ill Respiration u'as 48 
There was marked anemia of the mucous membranes, no jaundice Tlie throat 
showed a marked injection AVith a mucopurulent exudate, the tonsils Avere 
inflamed, laige and almost met in the midline Theie Aveie numerous yelloAv plugs 
on the suiface of the tonsils, no membranes There aa’us a Avell-maiked friction 
rub over the heart The right knee was SAVollen, a little reddened and quite 
tender Red blood-cells 4,600,000, hemoglobin 70 per cent , white blood-cells 
23,000, platelets increased in number Diffeiential count polymorphonuclears 
84 per cent , large mononuclesis 3 per cent , lymphocytes 10 per cent , transi- 
tionals 2 5 per cent , October 26, the glands of the neck were easily palpable 
October 28, the pulse rate continued high and irregular, averaging 130 to 140 per 
minute Temperature ranged betAveen 101 and 103 F , Avhite blood cells 27 500 
October 29, Aihite blood-cells 26,000 October 30 the condition remained about 
the same AAith perhaps a little loss of strength October 31 there Aveie no hemor- 
rhages Novembei 1, friction rub A\as still present November 2 there was 
evidence of inci easing peiicardial effusion Red blood cells 5,200 000 white blood- 
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cells 25,000', hemoglobw 65 per cent November 3 white blood-cells 34 000 Gen 
eral condition was less favorable Seveial small abscesses were opened on the 
neck, over the peucaidial region and in the left axilla with evacuation of pure 
greenish-yellow pus Blood cultme gave a Staphylococcus awcus November 4 
white blood-cells 39,700 November 5, white blood cells 35,000 General con- 
dition much worse with dyspnea and cjaiiosis Several other abscesses had 
developed on the thorax and left arm November 6, cultures made from abscesses 
showed Staphylococcus aureus, while that made from pericardial fluid aspirated 
remained sterile November 5, cultuie from aspiration of knee, Staphylococcus 
auieus Uiine during the stay in the hospital was negative No sugar, no 
albumin, negative sediment Blood-pressui e was constant, varjing between 105 
and 115 Tempeiatuie curve was uniformly high, 104 F on admission and 
varying between 100 and 103 to 104 F during the first week November 1, curve 
began to show some morning remissions, to 101 F with the afternoon rises to 
104 or 104 5 F Respirations weie continuously high, between 35 and 55 per 
minute 


Autopsy— No 3458 Died 8 50 a m, Nov 6, 1910 Autopsy at 10 30 a m 
same day Dr Sprunt Anatomical Diagnosis Acute suppurative tonsillitis. 
Staphylococcus aureus septicemia , serofibrinous pericarditis with displacement of 
thoracic and abdominal v'lscera and atelectasis of lungs, bronchopneumonia, mul- 
tiple embolic abscesses in kidneys, prostate, bone marrow of femur and body-wall, 
acute purulent aithritis (right knee) , focal neciosis and central degeneration of 
Iivei , cloudy swelling of viscera, h}'pciplasia of bone marrow, acute and chronic 
splenic tumor, lymphatic hyperplasia, subintimal fatty degeneration of aorta 

The body was that of a well-built, rather poorly nourished, white man There 
were multiple surgical incisions — abscesses No rigor mortis The body was still 
warm Livoi mortis was piesent ovei the back On incision all the blood-vessels, 
both large and small, bled copiously The blood in the vessels had not clotted m 
the least, but, after escaping trom the vessels and coming in contact with the 
body-tissues, clotted in from five to ten minutes, forming rather loose clots The 
peritoneal surfaces were all smooth and glistening On removing the sternum 
the pericardial sac was found to be enormously dilated, it measured in its lateral 
dimension about 19 cm On opening the pencaidial sac, it was found to be filled 
with a large amount of cloudy fluid, in vvdnch were floating flakes and strings 
of yellowish-white fibrin 

Heart weighed 350 gm Evmry portion of the heart which was covered by 
pericardium vvms now coated witli the yellovvisli-wlnte, friable tissue which on the 
surface was very shaggy and rough On opening the heart the cavities were 
found to be somewhat dilated The endocaidium presented no abnoimality, the 
heart-muscle was normal 

The lungs were both rather heavy and presented a mottled appearance with 


scattered areas of atelectasis and bi onchopneumonia 

The spleen weighed 250 gm On section the Malpigliian bodies were very dis- 
tinct, as circumscribed grayish clots of noimal size The connective 
trabeculm vvmre rather prominent A certain amount of pulp could be scraped o 
on the knife Stomach and duodenum showed practically a normal mucosa the 
bile-passages were patent The pancreas was of good size, slightly firmer than 
normal The lymph-nodes along the pancreas and lesser curvature of the stomach 
were enlarged, pale gray in color, rather soft and in one place, 3 ust ^ 
pancreas, there was one which measured 3 cm in length by 1% cm in wid 

The liver weighed 1520 gm , surface was smooth and glistening Un section 
it was pale and rather opaque The lobulation was not well-marked, ^^houS 
distinction could be made between the daiker central and the lighter p p 
portion of the lobule Both adrenals were apparently normal 

The kidneys closely resembled each other, they weighed 4 ^ -were 

stripped easily leaving a smooth surface of purplish color “ ® , 1 to 3 

seen scattered here and there small clumps of L mns 

im in diameter Tlie cortex measured 5 to 6 mm in thickness, and the stnations 
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were not very conspicuous, but appeared straight and regular Hie glomeruli 
showed as minute led dots The little abscesses seen on the surface lan down 
through the cortex and into the medulla as linear yellowish-wliite streaks 

The pelvic organs were normal except the prostate, w'hieli was somewhat 
enlarged and contained a small abscess cavity about 7 or 8 mm in diameter 
The trachea and esophagus were normal The thyroid was rather prominent On 
section colloid was quite conspicuous The lymph-nodes on both sides of the neck 
were enlarged, rather firm and on section one of them presented a slightly yellow- 
ish parenchyma The lymph-nodes in the abdominal and thoracic cavities along 
the thoiacie duct were markedly enlarged and appeared rather juicy Intestines 
showed to a very slight degree some hyperplasia of the lymphatic tissue, other- 
wise they appeared normal 

The bone-marrow of light femur was pink in color On removal of a piece of 
bone exposing the marrow, a small amount of an opaque yellowish-white thick 
fluid w^as seen to exude from the marrow cavity in the lower half of the femur 
Ihis soon filled the exposed marrow completely The bone-man ow of the left 
femui was a daik pink color and of a fairly firm consistence The right knee 
formed a large fluctuant swelling which was incised, and a large amount of a 
thick, greenish material evacuated The cjnovial membrane wus swollen and 
grayish-pink 

Microscopical Botes — Heait The heait-muscle cells weie normal except for 
some fragmentation The stroma between the muscle bundles, and associated 
with the blood-vessels, w'as loose and edematous and contained a few w^andeiing 
cells Here and there ivere found small clumps of wandering cells grouped about, 
01 replacing, a degenerating muscle cell These areas w'ere small and .quite 
infrequent The epieaidmm was entirely replaced by a thick layer of gianulation 
tissue which was covered by masses of dense fibrin and gi eat number s of w ander- 
ing cells 

Lungs Some sections showed an extreme giade of atelectasis wdiere the alveo- 
lar walls were lying close to one another In such areas, however, were usually 
found a good many desquamated alveolar epithelial cells or large mononuclear 
cells The bronchi, as a rule, were filled wuth an exudate made up of poly- 
morphonuclear and mononuclear cells This same type of exudate mixed with a 
little fibrin and a few led blood cells was found in some of the alveoli In some 
parts the lung tissue was practically normal 

Spleen The Malpighian bodies w'eie normal The venules were dilated, but 
their walls were of normal thickness Between the wmlls of the venules the 
interstitial cells were quite conspicuous Polymorphonuclear leukocytes w^eie 
pretty numerous in the lumina of the venules, but not m the interstitial tissue 

The lymph-nodes examined all showed the same picture The increase in size 
was due, in great part, to edema, affecting all the loose connective tissue in and 
about the glands The sinuses were all gieatly widened and full of large mono- 
nuclear cells of all types, many of wdiich w'ere actively phagocytic including 
nuclear particles, red blood-cells and mononuclear cells There was, in addition 
a great deal of finely granular coagulum and some freshly formed branching 
strands of fibrin Red blood-cells w'ere nor conspicuous, but were present both 
free and included in phagocytes In some tissue the polj morphonuclear cells weie 
quite numerous The lymph follicles and cords were swollen The cells were 
loosely packed together, and many large mononuclear cells of a phagocytic type 
were found in this tissue as well There was some eiidenee of necrosis 

Liver The li\ei -cells about the portal spaces were swollen but contained 
large, lesicular, sharply staining, w ell-presen ed nuclei Ihe Iner-cells in the 
central half of each lobule were decidedlv smaller Their protoplasm was more 
iiniforni and stained deeplv with eosin Their nuclei were pvknotic or faintly 
staining with verv indistinct nuclear chromatin In some places there was a 
true In aline necrosis with accumulation of polymorphonuclear leukocvte- Tina 
fat aaciioles were conspicuous The pictuie was not tapical of central necio«ic 
but there was an advanced grade of degeneration with necrosis in some parts and 
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fatly degenoiation and nuclcai injmy in many of the cells in the central half of 
eveiy lohule The capillaries in the ccntial portion of the lobules were dilated 
and contained many wandering cells— polymorphonuclears predominating 
The pancreas was noimal 

Kidney In general the cortex showed an advanced grade of cloudy swelling 
In certain areas weie found small abscess cavities replacing the cortical elements 
Theie had been central softening with destruction of the preexisting structuies, 
and the tubules in the immediate neighborhood weie dilatd with wandering cells 
of eveiy description also piescnt in the edematous supporting tissue 

Prostate This piesents in general n normal appearance, but there was a 
sharply defined abseess occupying a considerable portion of one section 
Stomach All the elements weie quite normal 

Bone^Maiiow of Femui Theie was a maiked giade hyperplasia More than 
half of the section Aias made up of cell elements which rather obscured the fat 
cells of the marrow The red-cell elements nere rather inconspicuous, although 
in some areas nucleated red cells uere quite numerous The large bone marow 
giant-cells uere lathei nunieious The increase of white cells, however, was the 
striking thing, as one uould expect from the pictuie in the circulating blood 
In places the man on almost suggested the picture in leukemia, but eosinophil 
cells weie veij inconspicuous Ihe laige mononuclear myelocyte with oval or 
wallet shaped nucleus and the polymorphonuclear cell predominated in all sec- 
tions In places the mariow was edematous, and here and there was foimd a deli 
cate leticulum of fibrin with some evidence of cell injury and nuclear fiagmenta 
tion In places tiny focal necroses were quite obvious, these little areas being 
made up of ten or tw'elve injured cells or nuclear fragments included in a mesh 
of fibrin and fine gianulai coagulum 

Joint Capsule Ihe capsular membiane showed a gieat deal of edema and its 
innei suiface was coveied with granulation tissue 

AI^TITIIROMBIN PRESENT IN HUMAN BLOOD PLASMA 

Autopsy 3458 Blood obtained tuo hours after death November 6, 
at 10 50 a in Blood fiom right auiicle was collected by pipette into a 
laige flask The blood was still fluid and warm with not even small 
clots to impede its collection by a pipette 

Ninety cc of the blood ueie mixed wutli 10 c c of a 1 pei cent 
sodium oxalate solution and eentrifugali/cd to obtain a clear plasma The 
oxalate plasma was slightly cloudy and opalescent, of an amber color 
suggesting the presence of bile pigments This is spoken of as 
“Plasma A” in the accompanying tables The Salkowski test with 4 c c 
of plasma gave a light green color showing the presence of bile pigments 
The layei of leukoc 3 des after centrifugalization was very conspicuous 
and at least three times thicker than normal One hundred e e of blood 
wmre allowed to stand in a cylinder giving a good separation by gravi 
tation of the led cells After two horns the blood was fluid but a thin 
film of clot had foimed and adhered to the glass after the blood had 
been poured out into centrifuge tubes This plasma stood in the centri 
fuge tubes for an hour and again a filmy layer of fibrin formed adheren 
to the glass wall The plasma was slightly cloudy and of an amber color 
This IS spoken of as “Serum A” because part of the fibrinogen had been 
removed by spontaneous coagulation 
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Fibimogen was determined b}" a method desciibed previonsly 
(Wliipiile and Hurwntz®) and the oxalate plasma was found to 
contain 0 8556 gm per 100 e e w^hich is somewhat above normal 
Calcium was determined in 50 cc of blood and found to amount 
to 0 00637 gm per 100 c c , which is within normal limits Whole 
blood that stood undistuibed in a clean flask plugged with cotton showed 
a fllm}^ clot on the glass after six hours, pretty advanced coagulation after 
twenti^'four hours, wuth some fluid blood in the center^ but complete 
coagulation at the end of forty-eight hours 

Plasma A (Table 1) is the clear oxalate plasma obtamed from the 
human case Plasma D is clear oxalate plasma obtained from a noimal 
dog The calcium lactate solution is 3 per cent m strength 

Table 1 — Excess of AxxiTHROitBix in Huaiax Plasma Delays Coagulation 

OF Dogs’ Plas^ia 


Plasma A 

Plasma D 

Calcium Lac- 
tate in Drops 

Coagulation-Time m Minutes 
Begin Complete 


2 0 c e 

10 

3 

5 


2 0 c e 

10 

3 

5 


2 0 e c 

3 

5 

15 

4- 

2 0 c c 

10 

4 

8 

0 5 c c 

1 5 c e 

10 

4 

7 

0 5 c c 

1 5 e e 

10 

4 

9 

1 0 c c 

1 0 c c 

10 

7 

17 

1 0 cc 

1 0 c e 

12 

8 

18 

1 0 c c 

1 0 c c 

10 

5 

22 

1 5 c c 

0 5 c c 

10 

10 

22 

2 0 c c 

0 5 c c 

12 

5 

17 

2 0 c e 

2 * 

10 

15 

45t 

1 0 c c 


5 

20 

60 

2 0 c c 
’Diops 
ySoft clot 


15 

20 

GO 


Table 1 shows cleaily that the noimal dog’s plasma clots m the normal 
w'ay on the addition of soluble calcium salts, yet, wuth the addition of 
moie and moie of the human plasma ‘‘A/’ there is found more and more 
delay in the coagnlation-time This shows conclusively the presence of 
antithrombin 

Serum A (Table 2) obtamed by centiifugalizing the whole blood from 
the human subiect and pipettmg off the clear amber fluid This stood m 
tubes ovei night (not in contact with the blood-cells), and very filmy 
clots formed on sides of tubes, but clear amber fluid could be poured off 
This fluid still contained much fibrinogen and a part of it clotted into a 
firm mass aftei standing for twentj’-four hours longer Plasma D and 
calcium lactate solution as used in pievious experiment 

Tapie 2 — Human Serum “A’ Contains Less Antithrombin than Plasma “A ’ 

Scrum A Plasma D Calcium Lac- Coa^lalion-Time in Minutes 

cc cc tate in Drops Begin Complete 

0 ) 1 o KT 5 10' 

0 5 2 0 10 5 S 

1 0 1 0 10 5 30 

I o 10 10 G 20* 

■'riabbi clot 
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Seirnn A (Table 2) had lost a paii of its fibrinogen by spontaneous 
coagulation, yet still contained a substance which delaj^ed the coagulation 
of noiinal plasma on the addition of soluble calcium salts 

Plasma H (Table 3) obtained fiom a human case of jaundice during 
life b}’’ drawing blood in the usual way into oxalate solution Seium A 
is described above 


Table 3 — Antitiibombin Inhibits Coagulation or IIujian Plvsha 


Seium A 
c c 


10 


Ptasma H Calcium Lac- Coagulation-Time in Minutes 
cc tate in Drops Begin Complete 

1 0 8 13 20 

10 4 G 8 


The Serum A (Table 3) contained a substance v/hicli inhibited the 
noimal coagulation of human plasma on the addition of soluble calcium 
salts 

Seium B (Table 4) Whole hlood obtained from the autopsj'^ in a 
clean flask which stood foi twent 5 '-four hours with the formation of clots 
on the sides of the glass, then blood and clots weie poured out and 
cenli ifugalized, giving a clear amber seium A part of this seinm 
foimcd only a very filmy clot iihen allowed to stand foi anothei twent)- 
four liouis and evidently contained only a trace of fibiinogen 


TAnLU 4 — ANTiTiiROirBiN Slowly Ncltkalizi d By Contvct With Blood Cells 


Seium B 

Plasnut D 

Calcium Lac 

Coaffulation lime in Minutes 

c c 

c c 

tate m Drops 

Begin 

Complete 

20 


10 



1 5 

05 

10 

3 

6t 

1 0 

10 

10 

2 

5 

0 5 

1 5 

10 

2 

4 


AriEB AN 

INTERVAL or 24 

HOURS 


1 0 

1 0 

10 

4 

10 

tio 

10 

10 

4 

7 

*]Sro clot observed 

tSmall clot 

JO 9 per cent 

saline 



It IS Intel esting to note that the plasma which stood in contact with 
the blood-corpuscles clotted almost completely after twenty-four hours, 
while the same plasma standing in clean glass tubes formed onl}' delicate 
filmy clots The former (Serum B) contained practically no inhibiting 
substance at the end of twenty-four hours, while the latter (Serum A) 
uas quite rich in this antithiorabin This would indicate a probable 
neutialization of the antithrombin by an activity of the blood-cells tn 
vitio, the process, however, going on quite slowly 


DELAYED PEPTONE POISONING — DOG 
This experiment is of so much interest in connection with the human 
case that it is worth while to report the observations in detail, par ic i 
larly those concerned with blood-coagulation It will be seen by eraini' 
nation oi the tables that the Wood fiom tins dog contained a ftcto. 
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inhibiting the coagulation of noimal blood, peiliaps more powerful but 
in every way similar to the inliibitmg substance present in the 
human case 

B 23 — Active male mongiel, weighed 20 pounds The dog was given no food 
foi one week previous to this expeiiment 

Dec 13, 1910, at 11 35 a m , the animal was given inti avenously 50 c c of a 
6 per cent peptone solution pietty lapidly The animal was seveiely shocked, 
heartbeat was very feeble, and pulse not palpable in femoral At 11 55 a m 
blood was taken from the caiotid in the usual manner (130 cc ) The diawn 
blood was centrifugalized and a cleai slightly opalescent plasma obtained The 
layer of leukocytes above the led blood cells was vei-y inconspicuous Tins cleai 
plasma did not clot after days, and in fact some of it undeiwent putiefaction 
after long standing with nevei any clot formation This plasma was used in the 
tabulated experiments and called “peptone plasma — antemortem ” 

At 3 00 p m (three and one-half horns after the peptone injection) the 
animal was found moiibund There was bleeding fiom the gums and from the 
subcutaneous tissue in the small neck wound Theie was a laige amount of 
semifluid feces undei the cage and some bloody mucus vas present in the fieshest 
feces The animal died in a few minutes with all the signs of aii-hungei 

Autopsy was peifoimed at once within two minutes and very daik venous 
blood obtained with pipettes fiom the light auiicle This blood was centrifu- 
galized and shoived much concentration of the plasma which amounted to less 
than two fifths by volume of the whole blood The layei of white cells was about 
as thick as noimal, speaking stiongly foi a lapid inciease in these cells during 
the thiee houis since the first examination The plasma was slightly opalescent 
and turbid but no hemolysis was present This plasma was used in the experi- 
ments tabulated below and spoken of as “peptone plasma — Post-moitem” The 
heart was dilated Lungs normal The spleen was mottled with hemonliagio 
areas up to 2 or 4 mm in diameter The liver was much congested and of a uni 
foim deep puiple color, the pancreas and kidneys weie congested but noimal 
otheivise The stomach presented a pale noimal mucosa, but the duodenum, 
beginning shaiply at the pyloiic rim, showed a bright red hemotrhagtc mucosa 
No membrane was piesent but the mucosa was swollen and juicy, full of blood 
and the lumen was full of bloody fluid containing no clots This explains the 
lapid concenti ation of the blood This hemorrhagic condition was constant and 
affected the vhole mucosa of the duodenum and jejunum The ileum shoved moie 
of a patchy distiibution but scaicely any pale noimal mucosa The cecum and 
large intestine showed the same hemoirhagic condition The intestine showed 
voiy active peiistaltic movements when exposed to the an All portions of the 
intestine contained bloody mucus This lemaikable hemoirhagic condition seems 
to be dependent on the reaction of the fluids bathing it, for the condition is absent 
in the stomach in which the mucosa is bathed in an acid medium 

Mwroscopical SecUons — All parts of the intestine showed practically the 
same picture The epithelium was intact, and there was no sign of acute inflam- 
mation The pioximal half of the mucosa vas quite noimal, but the distal part 
showed gieat engorgement of all the capillaries with rupture in some instances 
There vas no superficial necrosis The dilated capillaries contained normal-look- 
ing red blood cells with no increase in white cell elements 

Spleen, in general, appeared to be normal In some areas, hov ever, the spleen 
pulp contained large amount of red blood-cells Tins condition seemed to be a 
diffuse piocess, and there vas no evidence of any focal hemorrhages with destruc- 
tion of an-^ of the splenic tissue There was a good deal of granular pigment 
included in phagocytes in larious parts of the spleen pulp The Malpighian 
bodies wore Wige but presented no abnormality In various parts of the spleen 
one found fiagmentcd nuclei and colls vlncli appeared to be lery actively wander- 
ing leiikoci tcs suggesting some cell injury or reaction 
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The othei organs piesented nothing of special interest 
Blood Examtnaiion — The peptone plasma obtained a few minutes after the 
injection of a peptone solution remained fluid for days and no clots ever formed 
in it The blood obtained at autopsy from the light auricle remained fluid for 
si\ houis, and at the end of twenty-four houis 10 cc in a test-tube showed a 
few flimy clots forming on the sides of the glass and at the surface, much like 
those obseived in the human case but complete coagulation did not follow After 
two days tlieie was sufficient clotting to peimit inversion of the test-tube without 
the escape of fluid, but the clot was veiy flabby After seven days the same 
picture obtained, but aftei ten days the clot undeiiient autolysis and became quite 
fluid and hemolysis was very evident Peptone plasma contained 0 0071 gm 
caiman per 100 cc as determined from 10 ec 


Cat plasma (Table 5) is a cleat oxalate plasma from a noimal animal 
“Peptone plasma — ante moi Uni” is the peptone plasma obtamed twenty 
minutes aftei intiavenous peptone injection (Dog B — S3) “Peptone 
plasma — post mo'i iem” is the plasma obtained at autopsy immediately 
after death, three and one-half houis after the peptone injection Cah 
cium chlorid used m a 2 per cent solution 


Tablu 5 — PnpTONE Plasma Eicn isr ANTiTnnoMBiN 
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0 25 
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1 0 

05 


05 


05 

05 

05 
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05 

05 

1 0 

10 


*No clot 18 
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Complete 

2 
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C 
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30/60 

3 
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3 


3 
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* 

V 

10 

t 

t 

10 
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Table 6 —Peptone Plasmata as Used in the Pbeviotjs Eapebiment (Table 5) 
Cat Fibbinogen Solution Pbepabed Atteb Howells Method oat 
Sebuji, Pebfectly Fbbsh, Fbom a Normal Animal 


Fibrino 
gen 
Solu- 
tion 
c c 
1 
1 
1 
1 
1 
1 
1 
1 


Cat 
Sei um 


c c 

1 0 
1 5 
15 
10 
1 0 
1 0 


Peptone 
Plasma 
Post- 
Mortem 
c c 


0 5 

0 25 


Peptone 
Plasma 
Ante- 
Mortem 
c c 


05 

10 

0 25 

1 0 
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in 
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Coagulation-Time 
in Hours 
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2 

24- 

8/60 

1 

* 
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* 

5/60 
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16 

40 

12/60 

13 


TWENTY-rOLB HOUBS L^TEK THE FOLLOWING TESTS 
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Table 5 shows that both the ante-mortem and post-moitem plasmata 
contain a substance which inhibits the coagulation of normal plasma and 
that this substance is somewhat more abundant or powerful in the 
plasma (ante-mortem) drawn twenty minutes after the peptone infection 

Table 6 shows that the solution of fibiinogen is free from thrombin 
and will not clot on the addition of soluble calcium salts, but can be 
coagulated in five minutes on the addition of fresh serum which is rich 
in thrombin The peptone plasmata in varying amounts can cause moie 
01 less delay in this coagulation of fibrinogen by the agency of thrombin 
in othei words, we are dealing with a substance which is antagonistic to 
the action of thrombin — an antithi omhin This substance is more abun- 
dant in the ^^ante-mortem peptone plasma” 

SUMMARY AND DISCUSSION — PART I 

The case of experimental peptone poisoning in the dog showed the 
usual picture a few minutes after a large injection of Witte’s peptone — 
great weakening of the heart’s action together with a blood which, after 
removal from the vessels, never clots, and inhibits strongly the coagu- 
lation of normal plasma Three hours after this obseivation the animal 
was found dying with signs of great air-hunger Blood removed from 
the auricle would clot spontaneously only after one oi two days and was 
able to delay the coagulation of normal plasma Obviously this second 
sample of blood contained less of the substance known as antithrombin 
than did the first specimen Just before death the animal was bleeding 
from the gums and a superficial skin wound Autopsy showed splenic 
hemorrhages and a peculiar diffuse hemoirhagic condition of the mucosa 
of the intestine with much fluid blood in the intestinal lumen We may 
say this animal presented some of the featuies of hemorrhagic disease 

The human case furnished a blood-picture veiy similar to that 
observed in the dog at autopsy Blood removed from the auricle clotted 
in vilro only after a period of one or two days, uhile in contact with the 
body tissues, it clotted in from ten to fifteen minutes, which is in hai- 
mony with the well-known fact that tissue juices will neutralize the 
antithrombin Blood-plasma from this case was able to inhibit the coagu- 
lation of normal plasma following the addition of soluble calcium salts 
Fibrinogen and calcium were present in noimal amounts Autopsv 
showed a typical picture of pyemia or septicemia {Staphylococcus aureus) 
with pharyngitis, pericarditis, arthiitis and abscesses in subcutaneous 
tissues, kidneys, pi estate and bone-mariow The duration of the disease 
uas four weeks 

1^0 purpuia was present nor any hemorrhages from tlie mucous mem- 
branes and it ma-^ be objected that this case showed no signs of a hemor- 
ihagic disease It may be obj'ected in the same way. that a dog shows 
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no sign of hemorrhagic disease after an in 3 ection of peptone when we 
know the circnlatmg blood is incoagulable for an hour or more aftei the 
in]ection This condition usually passes off due to a neutralization of 
the excess of antitliiombin_, but it may not always do so, as our experi- 
ment shows The same experiment shows that after this condition has 
been present foi several hours the animal may develop hemorrhagic 
symptoms One ma}'’ aigue, then, that this human patient has been 
suffering from an excess of antitliiombin only for a short while and that, 
had he lived several hours longer, he would in all probability have devel- 
oped some of the signs of hemoirhagie disease — purpura and bleeding 
from the mucous membranes 

It IS much more diflScult to explam the mechanism of the anti- 
thrombin production in a case of septicemia Fiom experimental data 
we may assume that the livei is an essential factor in the production of 
this body It has been suggested that the autotysis of body and bacterial 
pioteids in the bod}' ma}' free substances analogous to peptones and thus 
call out the overproduction of antitlirombin If we grant this possibility, 
then we have some difficulty in explaining the lack of this phenomenon 
in pneumonia Probably we vill not come to a clear understanding of 
the question until we understand the mechanism by which the bod} 
neutializes these poisonous pioteids and the antitlirombin which may be 
in excess in the blood It may, however, be stated with some certamty 
that this case of septicemia piesented an unusual blood-picture — particu- 
larly a great dela} in blood-coagulation due to an excess of antithrombm 
It is probable that furthei study will show that many septicemias may 
show a similar blood-picture — paiticulailv those cases associated with 
purpura and delayed blood-coagulation 

PART II PROTHROMBIR ABBEET IE A OABE OF MELEEA NEONATORUM 

The preceding section gives a review of some of the more mteresting 
factors concerned with blood-coagulation and suggests a possible ciassiii- 
cation of hemorrhagic diseases according to the factor or factors which 
may be demonstiated to be abnoimal IVliether this observation may 
prove to be a constant finding in cases of melena neonatorum is for future 
work to decide, but the evidence submitted below seems to show conclu- 
sively that the blood from this fatal case was quite free from thrombin 
01 prothrombin A review of the extensive literature on this subject and 
a discussion of the various theories advanced by the numerous workers 
IS not necessary at this time, foi a lecent article by Schloss and 
Commiskey covers these points Some of the more interesting pom s 
laised by a study of this case are discussed after the general summary of 
the blood and anatomical findings 
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REPOET OE CASE OE AIELENA NEONATORUM 

Clinical History — M, colored woman, aged 20, primipara Date of con- 
finement July 8, 1910 Normal pregnancy, labor and puerpermm The physical 
e\ animation was negative 

Male child, weight at birth 2,590 gm , length 47% cm , physical condition 
e\cellent The temperature was normal except on the last day of life when it 
rose to 101 F The bowels moved twice daily July 10', two days after birth, the 
baby seemed weak and did not nurse ivell July 11 he was much weakei and did 
not nuise at all well, bieathed with difficulty and the limbs were limp At 8 a m 
it was noted that the infant was bleeding from the nose, mouth and foreskin, and 
there was continuous bleeding from the nose from this time until death at 12 45 
p m There was no bleeding from the cord The baby had difficulty in bieathing, 
gasping for breath, there was marked ]aundice Weight at death was 2,170 
gm , the loss of weight had been continuous fiom time of birth July 8, 2,590 
gm , July 9, 2,550, July 10, 2,530, July 11, 2,470 July 12 one bloody stool was 
obtained The child was given 30 grains of calcium lactate the last day of life 
Autopsy No 3405 Baby M, aged 5 days, died July 12, 1910, 12 45 p m 
Autopsy 3 00 p m July 12, Dr Whipple 

Anatomical Diagnosis — ^Helena, extreme icterus, hemorrhages from nose and 
laige intestine, absence of blood-clots in heart and large vessel, pulmonary 
hemorihage and edema, acute splenic tumor 

The body was that of a negro male infant 47 cm long Rigoi moitis was 
absent, the skin and subcutaneous tissue, scleioties and peritoneal fluid were all 
deeply bile-tinged The body showed no definite areas of purpura anywheie 
There was evidence, however, of recent hemorrhage from the mouth and umbilicus 
The subcutaneous fat had a safi'ron-yellow coloi The stiiated muscle was normal, 
the serous surfaces were all smooth There was a little excess of bile tinged fluid 
111 the peritoneal, pleural and pericardial cavities The heart weighed 20 gm 
The serous surfaces were smooth Thirty c c of fluid blood were obtained from 
the right auricle On opening the heart no clots were found anywhere nor in any 
of the larger vessels The blood was quite fluid throughout all the body The 
right side of the heart moderately dilated, the intima and valves normal, and 
the left side of the heart someuhat dilated The wall of the left ventricle avei- 
aged 5 mm in thicknss The heart-muscle was pale, brownish-red and uniform 
Both lungs were edematous and presented a remarkable appearance The 
anterior portions were pale lemon-yellow, and the alveoli could be easily seen 
The posterior portions showed a little of this yellow ciepitant lung tissue, but the 
greater part was made up of deep purple heavy lung tissue contrasting vividly 
with the yellow ish tissue Purplish ai eas were scattered here and there extending 
up slightly above the pleural suiface but not on the cut section The cut section 
w'as of similar appearance, it w’as very moist The bronchi were full of frothy, 
bloodstained material The pulmonaiy vessels weie normal 

The spleen weighed 30 gm and measured 7 by 4 by 1 5 cm The capsule was 
smooth, tianslucent, rathei tense, and the notches well maiked The cut section 
Avas deep purple in color and very velvety The Malpighian bodies were incon- 
spicuous, the tiabeculce being scarcely visible The pulp was greatly inci eased in 
amount, deep purplish in color and scraped off easily on the knife 

The stomach contained dark, slimy material The mucosa was pale, quite 
smooth and uniform, no ulceration was found after careful search Duodenum 
show'ed slight injection, an intact mucosa and contained bile stained mucus Pan- 
creas of normal size The lobulation was very clean cut and the organ rather 
Rim the parenchyma being of a lemon-yellow' color 

The li\er w’eiglied 100 gm and measured 11 by 7 by 3 cm The capsule Avas 
thin and transparent, and the lobulation noimal Tlie color Avas a deep reddish- 
biown The cut section AAas uniform showing the same color and the lobulation 
jirottA sharplv marked out No great abnormality except the jaundice tint CAery- 
AAhere The gall-bladder AAas not dilated and its wall thin 9 he common bile 
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ducts opened fieely into the intestine nnd bile could be squeezed thiougb it into 
tlie intestine by piessuie on tbe gall bladdei ^ 

Tlie light kidney ineasuied 5 by 2 5 by 2 cm The capsule stripped off easily 
shouing a welMnarked fetal lobulation The siiiface was smooth aSd yellowish 
blown in coloi On cut sedtion the coitev ineasuied 3 mm in thickness Tlie 
stnaic were regular, the pyiamids, lathei pale, showed no uiic acid deposits 

1 elvis 1101 inal Left kidney of similai dcseiiption 

Tlie adrenals weie ratbei small foi an infant but the aichitecture was noimal 
The oviter poition of the eoitev was leiy opaque and jellow, the innei two thirds 
moie translucent and biowmish but tlie medulla i datively inconspicuous The 
pelMc organs weie normal 

The small intestine contained thioughout thin, mucous mateiial but no blood 
The mucosa was slightly injected The large intestine showed even more injection 
but no hemorihagcs in the submucosa It contained thin, curient red fluid and 
feces 

Neck Oigans The pharjuix showed supeiflcial ulceiation over both tonsils 
The posterior naies weie noiinal Blood oo/ed out lather freely from above the 
liard palate but the icgion was so small that no definite bleeding-pomt could be 
seen Tlie esophagus was quite noimal thioughout its entire length The larynv 
and tiachea contained a blood tinged, frothy fluid and showed deep, bile-tmging 
cieiywheie The thjioid was of normal size, rather pale color and film in con 
sistence Tlie lymph-glands in this icgion, at the root of the aoita, in the 
retroperitoneuin and about the celiac avis weie all lather large, moist and of a 
deep cheirj red coloi , some deep purple in coloi, apparently hemo lymph glands 
The tlij'mus was of normal si/e and colored the anteiior mediastinum well down 
over the heait The tissue was noimal on section eveept for bile tinging, and the 
lobulation was quite rcgulai 

The line of ossification at the lowei end of the femur wns quite straight, thin 
and noimal, the bone mai row’ here of deep puiplish-red and the bone marrow of 
the shaft was very fattj’ The brain w’as not evamined 

Mtoi oscopical Notes — Lungs The architecture was regular The bronchi were 
of noimal size and general appeal ance eveept foi the fact that their lumina were 
full of red blood-cells with an occasional white blood cell and a good deal of 
granular coagulum The aeini, as a lule, weie dilated A few of them contained 
air, but the majority of them contained eithei a fine, granular coagulum or great 
numbers of w’cll-preserved icd blood cells Tlie alveolar walls were normal Tliere 
W’as piactically no evudate of white cells in the alveoli, nor were these white cells 
particularly numerous in the capillaries of the alveolar Avails No meshes of 
fibrin w’ere made out on ordinaiy evamination of the tissue On caieful evamina 
tion a feiv of the acmi show’ed some pmk-staming, hyaline looking mateiial sug 
gesting rather old compact, perhaps partly digested, fihiii A fibnn stam shOAve 
that this material gaA'e a typical fibim reaction This material where presen 
never shOAA’ed a delicate reticulum seen in fiesh fibrin, but had a uniform, liya^me 
appearance, occuinng in small lumps and coarse strands, presenting a ra lei 
irregular ra^^-ed outline There seemed to be no doubt that this w’as flbiin n 
some instance°s it was suiiounded by oi intimately associated with large mono 
nuclear cells, possibly a beginning organization In one or two places one cou 
make out strands of this material occupying the pores of Cohn j 

search revealed no fresh fibrin, and the fibrin Avhicb had been 
Avas due not to a recent piocess, but to a process Avhic i occuire 
shortly after the time of birth This picture was of 

on the question of blood clotting, for it is obvious that the ^ood at the t 
death Avas incapable of clotting Theie was nob 

lecent clot formation in the alveoli w’hich Avere full of fresh an P , ^ 

Mood-cells and plasma But, obamusly. a tew days the 

ocagulafou of the blood and the depos.t.o„ of H 
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as the clinical liistoiy would indicate, duiing tlie last two days of life, and in 
this the histological findings aie quite in agi cement -with the clinical pictuie 
Stomach The mucosa showed a legulai stiucture The villi were noimal, 
no acid cells “weie seen in the cij-pts 

Small Intestine Tlie aichitectuie and epithelium appealed noimal Theie 
seemed to he a gieatei numhei of polymoi phonucleai s in the mucosa than noimal 
The blood-vessels were not conspicuous The muscle coats were negative The poly- 
inoi phonucleai cells weie slightly inci eased in Ihe stioma of the villi and around 
the bases of the ciypts close to the musculai mucosa Mononucleai cells weie 
decidedly scarce The piedominant cell was one resembling a fibroblast 

Colon There was a well marked edema of the submucous tissue The vessels 
of the mucosa ■were conspicuous, oiving to engoigement with red blood-cells The 
interstitial tissue was lathei loose and edematous-looking and contained few 
mononuclear cells, many cells of the fibroblastic type and a few polymoi pho 
nuclear cells The polymorphonuclear cells were not as conspicuous as in the 
small intestine The sigmoid shoived the same edema of the submucosa, but less 
congestion of the mucosa Otheiwise the picture was identical 

Tlie adrenals showed nothing abnoimal The cells Aveie well preserved, and 
the aichitectuie was legulai A small mass of chiomaffin tissue found at the 
root of the mesentery w'as normal in every respect It was associated with a 

sympathetic ganglion Ihe epithelium and glandulai tissue in the pharynv weie 

noimal in eveiy lespect Theie was no evidence of any acute inflammation 

Thyroid The colloid was not conspicuous, but was piesent in manj’- of the 
alveoli It was lathei pale staining The epithelium of the alveoli was cubical 

or high cubical and in places shoived some infoldings Many of the acini were 

small and contained no colloid but presented an active looking epithelial lining 
The stioma was cellulai, loose but not abnormal Tlie vessels were congested 

Pancreas The structure wms quite regular and unifoim The stroma was 
lathei conspicuous and loose The ducts w'eic noimal in every lespect The 
acmi weie made up of normal-looking, glandular epithelium, some of the nuclei 
being vesicular and others lathei dense and compact The islands were disci ete, 
of normal size and made up of shaiply staining cells, some of which were quite 
vesicular , otheis compact and dense staining There w^ere no foreign cells present 
Kidneys The aichitectuie was quite legular and theie was no increase in 
connective tissue anywdieie All the glomeruli had a fully developed, mature 
appearance Some of the collecting tubules contained casts of a pink, hyaline type 
The glomeruli, as a rule, w^eie normal, but some of them showed a distended cap- 
sule of Bowunan, the tuft being sepaiated fiom the capsule by a finely granular 
coagulum The convoluted tubules in many instances showed a striking deposit 
of pigment occuiiing in the basal portions of the cells in fine granules of varying 
si/e, the smallest ones just visible, the largei ones being 3 oi 4 microns in diame- 
ter These laigei ones, how^evei, wmie latliei unusual This pigmentation seemed 
to be limited to the tubules of the convoluted type and was not seen in the 
collecting tubules Tlie convoluted tubules, as a lule, weie dilated as well and 
contained a frothy oi gianulai detritus The pyramids showed a moderate grade 
of congestion, other wuse nothing of inteiest except an occasional hyaline east 
Mesenteric glands presented a normal architecture Tire germinal centers were 
not conspicuous The sinuses contained a good many laige mononuclear phagocj^tes 
including nuclear particles and an occasional red blood-cell In some places one 
found a good many poBiiiorphoniicleais in these sinuses, a condition obviously 
lelited to the presence of the same cells m the intestinal mucosa In some places 
wore seen a good many nucleated red cells, some of wdiich w'cre undergoing phago 
tilosis and an occasional giant cell of bone marrow type is piesent, and it is 
possible that there was some blood formation going on in these glands Some of 
the hemolj mpli glands contained great amounts of blood particularly in the mai- 
ginal sinuses Nucleated red cells were niinieious here Phagociles were numer- 
ous and contained ciery tape of cell There was some nuclear fragmentation but 
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lliis was vcjy inconspicuous In some places polymoiphonuclears weie latlier 
numeious 

Bone man ow of femui The hne of ossification nas quite normal in appeal 
ance with no indications of a syphilitic process Tlie bone-marrow was particu- 
laily rich in red blood-cells Tliere was almost total absence of any fat The 
large giant cells of the bone mai row were numerous and appeared normal No 
evidence of any nociosis or 1031117 to the marrow could be seen The cell elements 
stained sharply 'The sinking thing made out was the gieat number of islands 
consisting in gieat part of nucleated led cells Eosinophils and neutrophil myelo 
cytes, however, weie quite numeious in some sections No evidence of phagocytosis 
01 nucleai fragmentation could be found 

Thymus 'Jlie lobules and lobes were sharply outlined, being separated by 
loose edematous stioma The cells at the margin of the lobules Aveie piactically 
all mononuclear cells, but in the centers were found some large mononuclear 
phagocj tes , these wei c not very st 1 iking, hou e^ ei Here and there were found 
nucleai particles and fragments taking a very deep stain Hassall’s corpuscles 
weie \eij small, usually only 2 or 3 cells in diametei 

Spleen The capsule and trabecula! were delicate Tlie Malpighian bodies 
were of small si/e, sharply outlined and made up entirely of lymphocytes The 
reticulum of the spleen pulp uas very delicate The red blood cells were the 
predominant element, and gicatei niinibeis of nucleated led cells were also found 
In places these nucleated red cells occurred in clumps or islands, as though the 
foimation of red cells was still proceeding into the spleen Laige mononuclear 
cells were not paiticul.iilj conspicuous Polj morplionuclear cells were present 
and many of them had the appearance of active migration tbrougli the spleen pnlp 
There was no indication of any neciosis or cell injury in any pait of the spleen 
No eosinophil cells weie visible The small compact Malpighian bodies would 
speak strongly against any common iiilo\ication or iiifeetion as these lymph 
nodules react with great rapidity in such conditions 

Liver The lobules were of the normal size and anangement There was no 
increase in connective tissue The larger bile ducts weie normal The liver cells 
contained a good deal of finely gianulai, yellowish blown pigment, which, how 
ev'ci, was not uniformly distnbuted being quite abundant in some cells and absent 
m others The bile canahculi m places were widely distended viitli yellow or 
gieemsli, hyaline material The nuclei of the hver cells weie all well preserved 
Occasionally were seen a few smalt fat droplets in the protoplasm of the liver 
cells The hepatic capillaries weie dilated with blood, and many of them con 
tamed clumps of mononucleai cells Some of these were obviously nucleated red 
cells and indicated that the liver was probably taking pait 111 the formation 01 
led blood cells Theie was an occasional polymoiphonuclear leukocyte The 
Kupfer cells weie inconspicuous The liv'ei show'ed no evidence of any cell injury, 
but gave evidence of stagnation of bile in the canaliculi and an ineiease in pig 
mentation of the liver cells wutli persistence of the so called blood islands m 1^ 
eating that the liver had not attained complete matunty and was still formin^ 
elements of the ciiculating blood 


STJMMAEY 

The infant was a fiist child bom of a jonng healthy coloied woman 
after a normal piegnancj^ The child was in excellent condition for wo 
days aftei hjrtli, but then began to fail Bleeding from the nose an 
foieskm began on tlm fonitb day and lasted nntil death the followi ^ 
clay Icterus was well marked One bloody stool wms passed 
Antopsy tw^o hours after death sliowmd no clots in the vascu ai 
and evidences of liemoiiliage in the nasal legion and laige ' 

the lungs and spleen There was no evidence of any acute g n 
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infection, nor of congenital syphilis Icterus was present Jilicroscopical 
sections showed an interesting condition in the lungs The alveoli and 
bronchi contained much blood and serum, but no fresh fibiin was present 
Some of the alveoli contamed latlier dense compact masses of fibrin which 
obviously had been in contact with the body tissues for some time, as 
indicated by loss of the delicate reticular pattern chaiactenstic of fiesli 
fibiin This shows that a few days previous to death the tissues weie able 
to coagulate the fibrinogen and foim fibrin — a process apparently impos- 
sible duiing the last two daj^s of life Sections from the small intestme 
gave evidence of a beginnmg enteritis, instanced by some increase of 
polymorphonuclear cells in the mucosa The mesenteiic glands as well 
contained a few polymorphonuclear leukocytes in their marginal sinuses 
The evidences of beginning inflammation heie were lelatively slight and 
it seemed difficult to attribute the disturbance in blood-coagulation to 
this factor The other tissues were negative Study of the line of 
ossification in the femur and the structure of the pancreas and kidney 
ruled out congenital syphilis The spleen gave no evidence of any geneial 
infection 

Blood in contact with the bodv tissues remained fluid for hours, 
which excludes the agency of an antithiombin in effecting the non-coagu- 
lability of the blood Antithiombin is rapidly neutralized by tissue 
juices Fibimogen and calcium weie detei mined and found to be present 
in normal amounts Thrombin was tested aftei Schmidt’s method and 
found to be absent A^arious tests with dogs’ blood and plasma gave no 
proof of the piesence of an antithrombin and strengthened the view 
that the absence of blood-coagulation was due to absence of thrombin or 
prothrombin 

EXPERI3MENTAL DATA BLOOD 

The autopsy was perfoimed two and one-quaiter hours after death 
and the heait and vessels found to contain only fluid blood IsTo indi- 
cation of any clotting could be found in gross even after the most caieful 
seaich 

Anixiln oiiibin may be considered at this point and it is evident that 
it plajed no important lole in the absence of blood-coagulation The 
greater part of the blood was collected in oxalate solution to prevent any 
clotting, but some blood escaped into the bodv cavity This blood was 
perfectly fluid at the completion of the autopsv and the body was placed 
in the ice-box Twenty -four hours later the blood was found perfectl} 
fluid lutli not even the smallest clots visible, in spite of the fact that 
tissue juices neutialize rapidly any antithrombin and can clot ^'peptone 
blood,” vhich is veil rich in antithrombin This blood remained perfectly 
fluid aftei piolonged contact iiith it= tissue juices and this fact alone 
IS enough to exclude ani antitlirombin a= a possible causative factor 
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in the hemoiihagic condition Pnrthei, the same blood which had been 
in contact with tissues for twenty-four hours was tested against the 
oxalate plasma of a dog sufteiing from experimental obstiuctive jaundice 
foi a period of three weeks (“Plasma J”) 

“Plasma J” (dog) , 1 c c + mclena Wood, 1 c c = clot — 2 mm 
"Plasma J" (dog), 1 cc -{- dilute calcium lactate, 1 cc = clot — 2 mm 

This obsei ration shows that the melena blood which had been in contact 
with the body tissues had no moie restraining mfluence on blood-clotting 
than a dilute salt solution This indicates^ too, that the small amount of 
autithiombin piesent noimally in mammalian blood was neutralized by 
the tissue juices Studj of Table 7 gives indication that the melena 
plasma (oxalated) still contained a veiy small amount of antithrombin, 
sufficient to delaj normal coagulation when this melena plasma was very 
much in excess of the normal plasma 

Calcium — This observation shows, in addition, that soluble calcium 
salts weie present in this plasma m considerable amount — sufficient to 
neutralize the slight excess of sodium oxalate present in “Plasma 3” and 
bring about its coagulation in the noimal time 

Tlie presence of calcium in noimal amounts is shown by analyses 
given below 

Spleen (Melena) — weight 23 gm — CalciUTU= 00285 gm 
Large intestine — ashed — eight 7 1 gm — Calcium= 0038 gm 
Spleen (noimal infant) weight G gm — Calcium=0011 gm 

The oxalated blood was centnfugalized and the clear plasma removed 
with a pipette It was a clear whisky coloi having a suggestive bile tinge 
and the froth formed on the surface aftei shaking had a decided gieenisb 
hue indicating considerable cholemia 

Fibrinogen was estimated in 10 cc of tins plasma by means of a 
method previously described (Whipple and Hurwitz) and found to be 
approximately 0 080 gm or 0 800 gm per 100 c c , wbicb is somewhat 
above normal for healthy adults A parallel determination using 
“Plasma J” gave almost an identical amount but the accurate amounts 
in milligrams could not be determined as no accurately weighed filters 
were available at that time The method, m a word, consists m heat 
precipitation (58 C) of neutral plasma, collection, desiccation and 
weighing of the precipitated fibrinogen The determination of fibrinogen 
shows, however, that there was no lack of tins element in the bloo o 
this case of melena 

Thrombin was studied by Schmidt’s method, which consists of pre- 
cipitation by twenty volumes of alcohol and after some weeks, extiae ion 
of the dried precipitate by water giving a solution of thrombin w m 
will clot readily a pnre solution of fibrinogen Normal plasma rea 
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m this Ti ay gives m almost all cases a strong solution of thrombin This 
plasma (10 c c ) was piecipitated with twenty volumes of 95 pei cent 
alcohol and allowed to stand foi five months The precipitate was 
collected on a filtei and diied over sulphmic acid foi several days The 
dried gianular piecipitate was divided in half and each fraction tieated 
in an identical mannei The first fraction was giound up with a little 
water and filtered giving 2 c c of a turbid opalescent liquid 

0 5 c c of this extract -{- 0 5 c c fibrinogen solution (cat)=no clot 24 liouis 

0 5 cc of this extract + 1 cc fibrinogen solution (cat)=no clot 7 days 

1 cc fibiinogen solution (cat) + calcium solution=no clot 

1 cc fibrinogen solution (cat) + tbiombin solution=:clot 2 min 

This test was performed by Di W H Howell and I am under obligation 
to him foi many favors and suggestions Three weeks later the second 
half was extracted in the same way and tested as above 

1 cc extract + 1 c c fibrinogen solution (dog)=no clot 24 boms 

1 cc extract + 1 cc fibrinogen solution (dog)=no clot 7 days 

1 cc fibiinogen solution (dog) + 1 cc serum (dog)=clot 20 min 

1 cc fibiinogen solution (dog) + calcium solution=no clot 

These tests give strong evidence of the absence of thrombin but it is 
fair to say that this method fails occasionally to demonstrate thrombin 
in normal plasma 

Table 7 gives additional evidence that this plasma contained no excess 
of antithrombm but that its non-coagulability was due to absence of 
thrombin or prothrombm 

Plasma (7 cc) was diluted to 30 cc with salt solution — spoken 
of as ‘‘Plasma X We realize that this dilution was a mistake and that 
fewer tests with an undiluted plasma would have been more valuable 
“Plasma J” was obtained from a dog suffering from experimental 
obstructive jaundice 


Table 7 — ^Melexa Blood Coaipabed With Dogs’ Blood axd Pl^vsjia 


Pl.isma X 

Plasma J 

Normal 

Calcium 

Distilled 

Coagulation 



Dog’s 

Lactate 

Water 




Blood 

Solution 



c c 

c c 

c c 

c c 

c c 


1 



05 


No clot 7 days 

1 



1 0 


No clot 7 dajs 

4 


1 



SO min 

4 


2 



30 mm 

3 


4 



2 min 

4 

1 


05 


3 5 min 

4 

% 


05 


10 min 

1 

3* 


05 


filmy clot 3 hour's 


4 


05 

4 

3 5 min 



4 


3 

2 min 


The apparent delay (Table 7) in the coagulation of vhole blood bj 
‘‘Plasma X’ is explained in part b}' an excess of sodium oxalate known 
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to be piesent^ and in part the small amount of antithrombm normally 
piesent in blood The piesence of anj abnoimal amount of antitbrombin 
would lla^e preiented the coagulation of “Plasma J” on the addition 
of soluble calcium salts, and the slight delay is due to the antithiombm 
noimall}’’ piesent in blood It is seen that appreciable delay in coagula- 
tion of ^^Plasma J” is present onlj uhen human plasma (Plasma X) is 
present in lelativel}’ great amounts This obseivation is in accord with 
Howell's expel iments to show' the presence of a small amount of anti- 
thrombin m mammalian blood 


GENrUVL DISCUSSION — PAIIT II 

It seems pretty evident that a number of different conditions have 
been giouped undei the heading of “Hemoiihagic Disease of the Xew- 
Born ’’ The etiological factois are obviously vaiious and we may expect 
to find 11101 e oi less ^allet3 in the blood-picture The experimental data 
in the great ma^^ority of the lepoils are too meagre to be of any value 
and can be bent in an} wa} to suit the whim of the writer or the theoiy 
of blood-coagulation w Inch ma}' be favored 

If we accept the theory of Lambeit,’® that in this disease there is a 
piimar} blood defect a ctudy of tissue from such a case might give us 
some hint as to the site of pi eduction of the missing element It seems 
clear that theie was such a defect in this case at time of death, and the 
oigans were studied with the greatest care to deteimine an}' abnormality 
which could account foi such a defect being congenital We failed to 
find any congenital defect but did diseovei that theie had been a deposit 
of fihun in the lung alveoli a few da}S ineviousl}, jirovmg that in this 
case the defective element (prothiombin) had been piesent in the blood 
or tissues at the time of biith In this case, at least, the absence of pro- 
thrombin in the blood at time of death was not a congenital abnormalit} 
but had developed during the few days of life 

Syphilis and septicemia are ruled out in this case by liistological 
study, and it is scarcely possible to harmonize the reports of Lambert 
jMurphy.^^ Schloss^^ and others^® with such conditions It is impossible 
to imagine that such marvelous cures could result from blood transfusion 
or serum infection if the infants were suffering from syphilis or 
septicemia 

Then, again, in cases of septicemia presenting abnormalities in blood- 
coagulation we may expect to find an excess of antithrombm as t e 
causative factor Some reports of septicemia m infants indicate abnoi- 
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mal blood-coagulation and can be explained easily by the piesence of an 
excess of antithrombin in the blood, but these cases do not belong in the 
group under consideration 

It IS scarcely conceivable that this condition can be due to any abnor- 
mality in the blood-vessels oi capillaries as has been supposed by some 
writers In the fiist place there is no evidence to support this hypothesis 
and in the second place it is hard to correlate this theory with the clinical 
evidence of cure following serum injection 

Icteius is a common condition at this time of infant life and can beai 
no impoitant role in the disease There was no sign of livei lnJur3^ but 
a slight grade of bile capillary obstruction as evidenced by small colloid- 
lilre plugs in some dilated bile eanalieuii 

Bnteiitis was present in this case as shown by the piesence of numbers 
of polymorphonuclear leukocytes in the intestinal mucosa and niaigiiial 
smu,«es of the mesenteric lymph-glands It is possible that this begin- 
ning inflammation in this region may be of importance in the cau«atioii 
of this disease, but again this is not a rare finding in infants of this age, 
and usually associated with no signs of hemoiihagic disease A stiidv 
of this case, then, offers no good anatomical evidence to explain the 
disappearance of one of the essential factors in blood-coagulation — 
piotlirombin 

Thrombin injected into normal animals causes no inti avascular clot- 
ting, but a response in the shape of an antithrombin production which 
neutralizes the dangerous excess of thrombin at once It mav be argued 
that injection of thrombin (seium) may bung about a similar condition 
in these infants and is not a logical piocedure But in these infants we 
are not dealing with a normal organism and circulating blood In normal 
blood (Howell) the piothiombin is present but anchored by the noimal 
antithiombm present in sufficient amount for this purpose In this ca=e 
of nielena it seems clear that the prothrombin is lacking and this normal 
balance is absent — it may be said that the antithrombin is not bound or 
un'^atisfied "WTen seiuiii (thrombin) is introduced it is fair to suppose 
that a necessaiy part of the thrombin will enter into combination vith 
the unsatisfied or unbound antithrombin normally present and the execs': 
of thiombin will be neutralized in the normal manner How the equi- 
librium of the blood, the normal balance of antithiombm and thiombin 
01 prothrombin established, so the circulating blood is in a position to 
react noinially to any injuii causing a production of thromboplastin 
Tnjnn to platelets or tissues, can produce thromboplastin vliioh vil! 
noutiali/e antitliionibm and peiniit the piotlirombin to combine vith 
oalciuin and clot the fibiinogen 

Published reports of case': treated hr blood ti an':fi’':ion or ceiuni 
nijcction together with the evidence submitted with this case =eeni to 
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piove that ceitam cases of inelena neonatorum show a lack of one of the 
cs&ential factois of blood-coagulation — namely, prothrombin 


PART in FIBRINOGEN GREATLY REDUCED IN CASES OF HEPATIC 
CIRRHOSIS WITH BLEEDING AND PURPURA A COMPARISON 
WITH CHLOROFORM POISONING 


It IS geneiallv recognized that ceitam cases of hepatic cirrhosis may 
picsent signs of intoxication, pailieulaily in the late stages of tins disease, 
and it IS belieied tliat these patients aie in a condition of hepatic insiiflS- 
cienc> and are suffciing from a lack of sufficient functioning liver paren- 
clijuna ^'aiious tests have been devised leccntly with tins very point 
in mind and ma} bo of ceitam diagnostic laliie (foi example, the levulose 
test of hepatic function) Gi anting then, that we have more or less 
livei insufficienci in this disease in its late stages, it will be of interest 
to stud'^ some of the elements of blood-coagulation in such cases Bxpeii- 
mental voik has established piett} conclusively that the livei is an essen- 
tial factoi in the ovei production of antithiombin, best studied after 
peptone injections In an eailier communication (Wlnpple and Hurwitz®) 
evidence has been fuinished to show that the liver is concerned in the 
maintenance of the flhunogen halance of the circulating blood and a 
typical expel iment is cited below for the sake of emphasis and comparison 
with the liuman cases Gnen a patient suffering from marked hepatic 
in^ufficiencj, it seems almost certain that some abnoimality in blood- 
Goagiilation should be present It seems obvious from the reports sub- 
mitted below that ceitam cases of cirrhosis with toxemia, purpura and 
bleeding do show a gieat diminution in the blood fibiinogen This blood 
will clot m the normal tune, foi all the othei elements of coagulation are 
normal, but the coagulum is very delicate and is unable to check even 
capillarv hemoiihage as the clots are too filmy to seal the ends of the 
ruptured capillaiies It is possible that as more evidence is accumulated 
it mav be found that the fibiinogen maj^ be an index of some value m 
determining livei injury or insufficiency and may be of some diagnostic 
importance 


REPORT OF CASE OF CIRRHOSIS OF LIVER 

Cash 1 — Clinical History — H R W, Hospital No 80108 Age, 54 Admis 
ion Oct 8, 1911 Past and personal history negative except foi marked alco 
olism Alcoholic excess for years Foiii years ago patient went south where lie 
ad a severe attack of malaria At that time he developed ulcers on the shins 
ivc or SIX months previous to admission the patient showed signs of a cln o 
lental state, of loss of meraoiy and sluggish speech 
Examinaiion—lciavns, palpable enlarged spleen and considerable pigmentation 
F the skin were present Theie were puipuric areas up to 3 or 4 mm in 
^rticularly over the legs There was a coarse tremor of tie 
mgue October 8, blood examination showed led 

lood-cells 5,400, hemoglobin 55 per cent No abnorma i reaction 

ctober 11, diffeientja] blood-count showed no abnorma ity , , smol'v color 

October 17 pal.e„t seemed better The nr,ne passed had a smoky 
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and contained albumen and led blood-cells Octobei IS the urine contained a laige 
amount of blood, bleeding of the gums was quite sti iking Red blood-cells showed 
a slightly incieased fi agility to hypotonic solutions Octobei 20 the bleeding time 
(Duke’s method) was ovei twenty-five minutes, and theie was continued oozing 
from the ear punctuie until checked by pressure Coagulation-time tested on 
the same day was three minutes Fiom October 20 to 22 the patient went into a 
semicomatose condition fiom which it was impossible to arouse him 

The lespirations were slow and deep, suggestive of air-hungei Icterus did 
not increase in intensity Octobei 22 mine contained numerous led and white 
blood-cells October 23 the patient was in a profound coma No refleves, respiia- 
tions very labored The bleeding from gums nas quite fiee at this time At 
various times urinaiy tests foi acetone and diacetic acid, reducing bodies, bile 
and tyrosin negative Tempeiatuie was practically normal with a slight rise to 
lOl) F 3 ust before death Clinical Diagnosis Chronic alcoholism, ciiihosis of 
livei , splenomegaly, hemochromatosis, purpura, hepatic intoxication 

Autopsy No 3616 Death Oct 23, 1911, 12 25 p m Autopsy Octobei 23, 
2pm Dr Winteinitz 

Anatomical Diagnosis — Atrophic cirrhosis of liver, collateial ciiculation estab- 
lished (omentum, parietal peiitoneum, diaphi agmatic vessels) , esophageal vaiices 
with lupture, extensive gastiic hemoiihage, multiple hemorihages ovei the peii- 
toneal surfaces, chronic splenic tumor, ascites, hemochromatosis, pigmentation 
of face, hands, shins, pancreas and liver, gastiic ulcer, jaundice, abscesses in 
kidneys, bi onehopneumonia (slight) and slight fibrinous peiitonitis, arteiio- 
scleiosis, cliionic fibious pleurisy 

The body was that of a fairly well nouiislied white man, 165 cm long Rigor 
mortis had not sot in, the body was still warm The face, hands and shins 
were consideiably pigmented, deep blown in coloi The eais weie cyanotic, the 
conjunctivfe slightly icteiic The abdomen was slightly distended Both shins 
were of a bionze color and scaiied The skin heie was scaly The abdominal fat 
was scant The veins about the umbilicus in the fat and tissues were distended 
The abdomen contained about 800 c c of turbid fluid in which flakes of fibrin 
weie seen floating about The peritoneal sui faces were slightly dulled Numei- 
ous small petechial pin-pomt hemorrhages weie found over the seiosa of the intes- 
tine thioughout The stomach was considerably dilated and i cached almost to the 
umbilicus These petechial hemorihages were particulaily marked on the parietal 
peritoneum The liver was beneath the costal margin, the spleen was greatly 
enlaiged The pleural cavities contained no excess of fluid The right pleural 
cavity was paitly obliteiated posterioily by old fibrous adhesions The pericardial 
sac contained a small amount of deep vellow fluid The peiicardial sui faces weie 
cverywheie smooth and glistening 

The heart was about noimal in size The epicardial surfaces were everywhere 
smooth and glistening The right auricle was normal m size and general appear- 
ance except that its endocardium was extiemely pale and had a slightly yellowish 
tinge The tricuspid valves weie delicate except foi a slight thickening at their 
free edge The tricuspid orifice measured 12 5 cm in circumference The right 
ventricle was about normal in size, its musculatuie nas dull and pale The pul- 
monary \alves weie delicate, as xvas also the base of the pulmonary arterv The 
left auricle was small, its walls weie smooth Tlie mitral ring measured 9 cm m 
circumference The mitral valves were somewhat thickened and more opaque 
than 1101 inal The ventricle was small The endocardium was slightly thickened 
Tlie SOI tic valves veie thickened definitely along the line of closure The coronary 
xessels Mere delicate The heart-muscle, on tangential section, was deep brown 
and homogeneous in appearance 

Lungs The left lung was voluminous and pale Tovard the posterior portion 
of ihe lovei lobe it became somewhat hvporemic The bronchial glands were small 
and deepli pigmented The bronchi contained blood stained mucus Section of the 
low Cl lobe showed a pale piiikisli-red surface with a few small reddish areas which 
ire sligbtlv cleaated and stand up from the surface The right lung was bound 
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flown by finn, fibrous adhesions A fc\v small hemoirliages were to be 
beneath the pleura Otherwise the lung lesembled the left 

The spleen was large and flabbj It measuied 17 by 12 by 4 cm The 
face was slightly dulled The fibious tissue did not seem to be in excess The 
arclntccture was obscuied on account of the gieat engorgement of the sinuses 
The Malpighian corpuscles weie ^eiy small, giayish, tianslucent in appeaiance 
and the spleen pulp soft 

Duodenum and stomach weic filled with a bloody fiuid which was deep reddish 
brown in coloi and m large amount It is stringy and apparently contained some 
mucus hen this was washed off, the duodenal mucosa was pale The mucosa 
of the stomach was of a mottled giayisb-red color, and show’cd on the lesser curva- 
ture about G cm fiom the p^loius a small, shaipl} punched out uleei which was 
not more than 1 5 cm in its long diametei and about 0 5 cm deep The base of 
this ulcei w as absolutely clean and the underlj ing sei osa w'as not thickened 
The base of the esophagus showed numerous dilated venules and some small 
aioas wheie thcie was definite erosion of the epithelium overlying the venules 
About 1 cm above the cardia theio was a small opening about 2 mm in diameter 
w Inch readilv admitted the blunt end of a probe This extended directly into the 
dilated venule which lan beneath the mucosa of the esophagus The common bile 
duct and panel eatic duct wcie botli patent 

The pancreas was laigc, fiim and of a iiisly blown color On section the lobu- 
lation was not prominent 'the parenehvma had no longer the normal grayish 
appeaiance, but it was pigmented a deep blown Some of the lymph glands about 
the head of tlio pancreas weie siimlailv pigmented and quite conspicuous 

The In 01 was vmrv small, weighed 1050 gm and moasuicd 20 by 15 by 0 5 cm 
Its surface picsented a chai acteristic hobnail appearance There weie deep 
brownish elevated nodules and grayish, translucent depiessions to be seen everv- 
wliere on the surface The gall-bladder was empty except for a few cubic centi 
meters of thin slimy bile On section the normal lobulation was absolutely gone 
Fibrous seals ran tluougli the ontiie liver tissue dividing it into inegular nodules 
The color of the liver was deep brown There wxas evidently an increased deposi- 
tion of iron pigment similar to that described m the pancreas Tliere were 
eccliymolic specks in some of the islands of liver paienchyma which might have 
a yellowish or a deep hi own, msty color 

Kidnev'S The right kidney measuied 115 by C by 4 5 cm The perirenal 
tissue was distinctly icteiic The capsule stiippel with slight difficulty leavung a 
suiface on which the vm'^cular maikings were more distinct than noimal The 
kidney was congested and purplish in eoloi The cortex was legular av'^eraging 
about 5 mm in thickness The striations wrie only slightly distorted Some 
areas showed a few opaque yellow stieaks running through the cortex and medul a, 
outlined bv zones of injection — typical abscesses The adrenals were noimal 
ITie neck organs were normal 

Pelvic Organs The uiinaiy bladder contained a few cubic centimeters of 
bloody uniie Mucosa was normal in appeaiance, the rectum and prostate norma 
Aoita was elastic for the most part, but below the renals it become thickene an 
calcified The common iliacs wmre elastic and noimal in appeaiance 
Intestine The jejunum was vmiy wide, thick and edematoits I 
wath a blood-stained mucus The ileum and cecum were normal The bone me 
consisted chiefly of fat 

imcroscoptcal Rotes -Heart Tlieie was well-marked fragmentation of the 

muscle cells The lungs and adrenal w ere negative „ i-,.,pfpm 

Kidney Some sections showed small abscesses con ainmg ump ‘j 

great mimheis of polymorphonuclear leukocytes and in places we 
Hood-cells Otlier sections slioned niany collecting tiiliulcs filled ni i i ‘ ' 

Lod and hyaline casts A feic of the convoluted ‘““f, 
hemoglobin, and others contained well-piesen-ed icd blood-cells ° ^ , 

thT kidney showed few indefinite scars m the cortev with occasional bjalme 
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gloinoluli The epithelium in many of the convoluted tubules showed a gianulai 
01 colloid degeneration, hut no evidence of neciosis 

The spleen presented a typical picture of chronic passive congestion The 
dilated sinusoids contained a few mononuclear phagocytes and polymorphonucleai 
cells hut chiefly red blood-cells The pulp cells were inconspicuous, and the red 
blood-cells very scanty in the pulp 

The bone mairow of femur in places showed edema, and a few little patches of 
flbiin associated with occasional necrotic cells The islands of nucleated red cells 
were conspicuous, and there was considerable hypeiplasia of the white-cell islands 
as veil Blood smeais obtained fiom the white-cell layer aftei centrifugalization 
showed a good many nucleated led blood-cells 

The panel eas presented a diftuse type of chronic induration resembling that 
piesent in the liver The deposit of iron-eontaining pigment was moie marked 
than in the livei The pigment gave the chai acteristic iron leaction and vas 
found in piactically all of the pancreatic acini, and to a lesser degree in the 
islands 

Livei Fiozen sections and fat-stains showed scattered patches of fatty degen- 
eration of the liver-cells Many of the fat-droplets weie large, but some liver cells 
contained gieat numbeis of small fat-dioplets Some of the lobules shoved 
numeious bile canaliculi which were distended with greenish, hyaline plugs 
Theie vas a remarkable pigment deposit in the livei -cells This occurred moie 
often in the peiiphery of the livei lobule, but there was no constant distiibution 
The granules weie of varying sizes and all gave a characteristic iron reaction with 
special stains The geneial picture was characteiistic of the hobnail type of 
cmhosis vith coaise bands of connective tissue which were much moie conspicuous 
between the lobules, but there was some increase in connective tissue within the 
lobules Tlie most impoitant feature from the standpoint of this repoit was the 
peculiai degeneration aftecting the liver cells There were relatively few normal 
Iner-cells Great numbers of them presented this peculiar pigmentary degenera- 
tion piesented a very glassy, unifoim, non-gianular protoplasm The nuclei did 
not stain noimally In the center of many lobules were seen very slendei atrophic 
stiands of liver-cells indicating some passive congestion and degeneration In a 
fev lobules were seen little patches of hyaline neciosis, but these were inconspicu- 
ous Theie was peculiar granular degeneiation of many of the livei -cells vliicli 
weie swollen and very granular, having an indeflnite cell outline and poorly 
staining, atypical nuclei Some of these liver-cells contained small fat-droplets 
and all weie obviously suffering fiom the action of some injurious agent 

CLINICAL AND ANATOMICAL SUMMAUT 

An adult white male with marked alcoholic histoiy and some mental 
SMiiptoms piesented a characteristic pictuie of hepatic cmhosis uith 
pigmentation suggesting hemochromatosis and slight icteiiis Piiipuiic 
patches on legs weie present on admission, also anemia but no abnoi- 
mahti m bleeding One week befoie death bleeding fiom the gums ua=: 
noted and blood in the mine Three dajs later the bleeding time uas 
tuentv-fiic minutes with long-continued oozing of blood from eai -pricks 
but coagulation-time was tliiee minutes Bleeding fiom the guni= contin- 
ued and patient went into coma with slow deep rcspiiations and died two 
necks aftei admission 

Anatomical Bindings Numerous siibperitoneal ecchimoso= veie 
pie=ent The Iner nas a small hobnail Inei shoving advanced degenci- 
ation of the remaining liver parenchvma There was obvious portal 
obstinction nith esophageal varices and rupture nitli extensive recent 
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hepionliage into tlie stomach The liver, pancreas and Ijrapli-glands 
showed a hea^} deposit of non containing pigment — hemochiomatosis 
Theie vas a lecent teirainal infection as indicated by small abscesses in 
the Indue}': bionchopneumonia and a slight fibrinous peiitonitis 


nXPERIirEN^TAL D iTA — BLOOD 

Autops} Xo 3G16 Blood uas lemoved from the light auricle one and 
one-half houis after death while the tip of the auiicle was still fibnl- 
lating Xo clots could be found ‘^‘^Serum B,” 100 c c dark venous blood, 
was collected b} a clean pipette into a c}linder and allowed to clot A 
delicate filmy clot formed in from five to ten minutes This was sepa- 
latod uith a glass lod, sank to the bottom of the cylinder and no more 
clot foimed at any time After standing for tvent}'-four hours the clot 
measuied 5 cc by volume Cleai seiura of an orange-yellow color was 
obtained bi centi ifugalwation of a pait of this blood and was used in 
the tests given below (Table 8) ‘"‘’Plasma B,” 225 cc blood, was 
collected as above in a c}lindei with 25 c c 1 per cent sodium ovalate 
Centiifugali/ation gaie thiee-fouiths by volume of a clear orange-yellow 
plasma The fioth foimed on this plasma after shaking was a faint 
gieenisli-}ellow tint and bile pigments were shown to be present in small 
amounts (Salkowski test) Plasma (cat) and serum (cat) were obtained 
fiesh from a normal animal The spleen extract was a concentrated 
extract (about 30 pei cent strength) made with distilled water by giind- 
ing up some of the human spleen from the same case Only a few expeii- 
ments aie included in Table 8, but enough to show the absence of any 
abnormal factor such as a poweiful antithiombin 


Table 8 — Coagulation in Blood tbom a Case or Hepatic Cirrhosis 


Plasma 

Seium 

Plasma 

Serum 

Calcium 

Spleen 

B 

B 

Cat 

Cat 

Chlond 

Extract 





2 Per Cent 


c c 

c c 

c c 

c c 

c c 

c c 


3 




1 


3 




1 

2 




0 50 




1 

1 

0 25 



1 

1 


0 25 


1 



1 

0 25 



*Very filmy dot 


Coagulation 


no clots 
no clots 
*7 min 
7 mm 
7 mm 

uncertain clot 


Plasma B (Table 8), on the addition of soluble calcium salts, clotted 
in the noinial time but formed only a very delicate veil-like clot, exae J 
similar to the whole blood Serum B formed no clots on the addition oi 
a spleen extiact, proving that there had not been an incomplete coa^u ^ 
tion as in the case of septicemia m a precedmg report, due to an exce. 
of antithrombin Serum B contained no substance capable of uiiiibitmg 
the coagulation of normal caPs plasma These observations exclude the 
piesence of any abnormal amount of antithrombin 
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Fihnnogen vras determined in two separate specimens as indicated 
below 


Twenty-five c c plasma heated to 58 C foi ten minutes centnfugahzed washed, 
collected m a weighed Gooch crucible and dried at 110 C Gooch crucible, drj, 
17 5830 gm , Gooch crucible + fibrinogen, 17 5920 gm , Fibrinogen in 25 c c 
plasma = 0090 gm , Fibrinogen in 100 c e plasma = 0300 gm 

Twenty-five c c plasma made faintly acid to litmus with dilute acetic acid, 
heated to 58 C for ten minutes and ti eated evaetly as the fiist sample Gooch 
crucible — diy 17 7610 gm Gooch crucible -j- fibrinogen, 17 7716 gm Fibrinogen 
in 25 c e plasma 0106 gm , Fibrinogen in 100 c c plasma 0424 gm 

T]iis method was described m detail in a previous communication 
(Whipple and Hurwitz®) Fibiinogen as normally present in human 
blood averages from 0 800 gm to 0 500 gm Fibrinogen in this case of 
cirrhosis was greatly reduced^ from a normal mean of 0 650 gm pei 
100 c e to a level of 0 039 gm , which is about 6 per cent of the normal 
amount This gives a clear explanation of the filmy clots which foimed 
in the blood or plasma tested, for the fibrmogen forms the great bulk of 
any clot and when it is reduced the clot becomes corresponding^ delicate 
and tenuous 

Calcium was deteimined in ‘‘Serum B’’ and found to be within 
normal limits 


Twenty-five cc Serum B = Calcium — 0 0016 gm 100 cc Serum B = 
Calcium — 0 0064 gm 


Lipase Lipolytic activity was determined in both plasma and serum 
It was found to be below noimal, which speaks against any extensive livei 
necrosis as well as against much cholemia 


Table 9 — Acjd Production by Plasilv Ltpase and Seruw Lipase 


Initial alkalinity 
Butyric acidity 
Total acid production 
Incubation 22 hours at 38 C 


Plasma Lipase 
0 05 0 05 
0 10 0 10 
0 15-015 


Serum Lipase 
0 10 0 10 
0 20 0 10 
0 30 0 20 


The total acid production by ferment activity, causmg a splitting of 
the ethyl butyrate is estimated in terms of cubic centimeters of twentieth 
normal standard acid and alkali solutions The normal lipolytic activity 
of the blood may be expressed in terms of twentieth normal solutions 
as 0 30 c c -0 60 c c Tins normal ferment activity is greatlv increased 
in obstructive jaundice due probably to the presence of bile in the plasma 
or serum But there is a much greater increase in ferment activiti' of 
the blood after acute liver injury which can be effected bv chloroform 
poisoning and m this condition lipase may be present in amounts ten or 
twent} tunes greater than normal 
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This 
obcGr^ation 


CIILOROFOrar POISOFTIJfG — DOG 

expenmcni is only typical of many which have been under 
The animal was more susceptible than usual to the druo- 


Cliloioform anesthesia t^vo hours, 1 ounce unen 
luentvlrutcs vomiting, bleeding time 

n lib! m? fused food Blood uas obtained for fibrinogen estimation 

Jablo 10) Blood clotted in the noinial time, but the clot uas extremely flabbi 
ihc animal bled fiom the small nock uound duiing the entire day in spite of a 
bandage uhicli uas tied tightly about the neck 
April 24 Bleeding fioni neck continued 

April 2.1 The dog uas ^crv Aieak and pale The neck wound continued to 
0070 blood drop by diop No clot^ weio seen on the edge of the uound 

April 2G The neck uound had stopped bleeding and uas distended with soft, 
loosely adheient blood clots 

Fioin April 2/ to 30 the animal gained in ueight and made a rapid recoveiy 


T\bI/E 10 (Dog 104) Fiiwiyoarx Curie ix Ciieoroeorw Poisovixg with 

Til ■UORUItAGE 


Date 

Chloro 

Fibrinogen 

Calcium 

Jaundice 

Bleeding 


form 

gm in 100 c c 

gm in 100 c c 



4/lG 


0 2192 

0 0117 

-- 

_ 

4/21 

2 liotiis 



_ 

. 

4/22 




(V 

+ 

4/23 


0 0090 

0 0133 

+ 

-| |--j- 

4/20 




-J- 


4/30 


0G130 






It IS ceilain that this dog uas suffering fiom extensive central Iwalme 
livei neciosis due to the action of chloroform The clinical picture is 
vei3 seen in the ciirhosis case leported above Both dog and 

man siiffeied fiom bleeding fiom the gums and oozing fiom small cuts 
and pucks in the skin Blood-coagulation was normal but bleeding-time 
greatly delated and the clots weie extremely soft Both acute Iner 
injui}'' and lelativel} slow livei degeneration can bring about tins low 
ffbrinogen content uhich forces us to the conclusion that the liver is an 
essential factor in the maintenance of a normal fibrinogen equilibrium 
The bleeding and purpura in both dog and man are solely dependent on 
a low fibrinogen content in the blood, as all the other factors of coagu- 
lation have been shoun to be piesent in relatively normal amounts 


CIRRTIOSIS CASrS WITH IMCOMFLETE DATA 
Case 2— Patient— 3 B. aged 4S, with clinical history of alcoholism with 
occasional attacks of jaundice, i omiting of fresh blood and bleeding from the 
rectum Bed blood-cells 1 700,000 white blood cells 5 300, hemoglobin 16 per 
cent Foi several davs befoie examination the stools had been quite black 

Anatomical Diapnosts —Cuvhosis of liver, chronic splenic tumor esophageal 
and lectal vaiices, anemia, slight In perplasia of bone marroiv, a y egenera 
of heart chronic diffuse nephiitis, acute bronchitis, bronchopneumonia and 

edema of lungs old purpuric spots 

Liver weighed 1,600 gm It presented the characteristic hobnail 
The connective tissue was conspicuous The islands of liver tissue measured from 



G n WHIPPLE 


397 


1-10 mm m diameter Micioscopical sections showed small scatteied areas of 
hyaline necrosis involving areas of fiom ten to twenty Iner-cells The liver-cells 
contained laige amounts of fat which -was present in large and small globules 
Some of the liver-cells showed nuclear degeneiation and pyknosis A few of the 
bile canaliculi were plugged with yellowish-green hyaline material 

Blood was lemoved tw^elve houis after death, 200 cc were obtained fiom the 
light amide wuth ease, using a laige pipette Blood clots weie inconspicuous, 
hut a few very small, rather tough clots weie found in the right side of the heart 
and large veins The serum obtained aftei centrifugalization was a cleai oiange- 
yellow and contained a good deal of bile pigments { Salkowski ) Lipase w as 
slightly above normal 


Initial alkalinity 

014 

0 15 

Butyric acidity 

0 68 

0 74 

Total acid production 

0 82 

0 89 


Incubation 24- hours at 38 C 

Case 3 — Patient — C L, aged 59, with clinical histoiy of alcoholic evcess 
The patient had been failing for two yeais before admittance to hospital where 
he w'as for four weeks before death, gradually failing with no characteristic symp- 
toms aside from the hepatic and cardiac condition Blood-count was noimal 
except foi a slight leukocytosis 

Anatomical Diagnosis — Ciirhosis of liver, portal obstiuction, ascites, peri- 
toneal adhesions, chionic pancreatitis with fat necroses, chionic passive con- 
gestion of viscera, old puipuric spots 

Livei weighed 1900 gm The surface was lathei rough and coaisely granulai , 
the oigan was v^ery tough The cut section showed a coaisely lobulated appeal ance 
due to conspicuous fibrous scars and scattered islands of liver parenchyma, fiom 1 
to 6 mm in diameter IMicroseopical section presented a familiar type of annular 
cinhosis causing great distortion of the lobules Ihere w'as an increase in con- 
nective tissue within the lobules in many instances Tlie liver-cells weie decidedh’’ 
abnoiraal looking hlany of them were laigei than normal showing huge nuclei 
obviously hypertrophied There weie scattered areas of focal hyaline ncciosis 
with abundant polymoiphonuclear leukocjtes Great numbers of liver-cells 
showed a granular protoplasmic degeneration with evidence of nuclear injiirv 
The cell membiane was indefinite and the nucleus quite atypical [Many of the 
cells contained laige amounts of fat in small oi laige droplets The whole pic- 
tuie indicated a considerable degiee of acute degeneration supei posed on the old 
scarred liver 

Blood was remov^ed from the right auricle twelve hours after death and 
appeared quite fiuid No blood-clots were found in anj of the chambers of the 
heait or in the laiger vessels Aftei this blood which escaped from the vessel^, 
remained in the pleural cavity for some time a few very small clots were found 
They weie soft and flabby Blood winch was collected in a measuring cviinder 
was examined after some time and found to contain a few small clots amounting 
to about 10 c c in volume After these clots had contracted and settled to the 
bottom, there was no further clotting of this seium which stood for several days 
This serum was of a clear ainbei color and contained email amounts of bile 
pigment (Salkowski) Lipase not inci eased 

Initial alkalinity 0 15 0 10 

Butjric acidity 0 10 0 10 

Total acid production 0 25 0 20 

Incubation 20 hours at 40 C 
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ILcso cases oj ciiiljosis piesenl mucli llie same pieiuie as the 
one lepojied ni detail above and indicate tlie constanc}^ of this low 
tibiinogen in cases of ciiihosis with puipuia, hemoiihage and intoxi- 
cation Tlie elements of blood-coagulation were not studied carefullj 
as 111 the tiist case lepoited, but theie is a constcincy in these observations 
vliicli must have some weight in suppoiting the conclusions Objection 
can be made to these last tvo cases in which the blood w^as obtained 
twelve houis aftei death becau'^e some obseiveis claim that there may 
be autoljsis of the blood-clots foimed shoitly aftei death We have 
nevei obseived this to any maiked dcgiee in dogs or human cases when 
the blood is kept in an ice-chest and believe that it is a negligible factoi 
VI thin the liist tventj'-foiii houis vdien the bod}’^ is kept at a low 
tempeiatnie 

Gi:Xi:i?AL SUiWMAIlY AND DISCUSSION — PAET III 


A dog seveielj poisoned by ehloiofoim anesthesia piesents a chaiac- 
teiistic clinical pictuie — icteiu'?, bleeding fiom the gums, piolonged 
oo 7 ing fioin skill-pucks and cuts, a blceding-time so piolonged that it 
cannot be estimated, and obvious toxemia Such animals may develop 
puipuia and ha\e gastnc, intestinal oi peiitoncal hemorrhage The 
es'-ential anatomical change is an e\tensl^e cential liver necrosis The 
blood shows an extieme diop in its tibiinogen content and the other 
factois of the blood-coagulation aie noinial The purpuia and bleeding, 
then, must depend on this gieat diminution in fibrinogen foi the blood- 
clots aie too soft and tenuous to stop even capillary oozing 

Cases of hepatic cinhosis may shmv moie oi less puipuia, oozing 
flora the gums, gastnc oi intestinal hemoirhage, and dela-jed bleedmg- 
tirae, paiticularly when sufTering from the so-called ^Tepatic toxemia” 
Heie w'e aie dealing ivith a i datively slowly developmg hepatic insuffi- 
ciencv, while in the animal expeiiraents theie is an acute liver injury 
with 11101 e 01 less insufficienc}’’ Yet the clinical pictures have many 
points in common Blood fiom the ciuhosis cases shows a verj'" low 
fibiinogen fi action, but othei elements of coagulation are normal as in 


the dog expel iments 

The henioiihagic sjnnptoius in this group aie suiely ref ei able to this 
diop in blood fibrinogen and dependent on it alone The blood clots m 
the normal time but the clots aie too soft to close the luptured ves,-e s 
and bleeding continues This observation is of interest in eonneeti 
with one explanation of “puipura” as refeiable to increased fragi i y or 
delicac}'^ of capillaiies We cannot imagine any such fluctuation in p 
lary fiagilitj^ in this condition (acute oi chionic) j^et just as 
the blood fibrinogen drops below a certain level we may observe 
spots It IS obvous that after traoma we may have a 
eiiravasatioE of moie or less blood m a Bormal person <1 
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possible that slight biuises may lupture a few capillaiies which would 
give rise to no visible extravasation in normal peisons, but could be 
associated wuth much blood extiavasation in these cases m which the 
blood-clots are too soft to close the broken vessels This is surel} a 
possible explanation for the purpuric spots observed in these cases and 
may be applicable to other hemorrhagic diseases in which other elements 
of coagulation are abnormal 

Observations on dogs suffering from acute liver injury (chlorofoim) 
with hepatic insufficiency and parallel observations on human cases of 
cirrhosis wuth progressive hepatic insufficiency prove beyond any doubt 
that the liver is an essential factor in maintaining the normal fibiinogen 
balance of the blood It is possible that the fibrinogen is elaborated by 
the lively but moie evidence must be submitted to establish this point 

At present it is difficult or impossible to get an accurate estimate of 
liver efficiency but it is possible that the fibrinogen curve may prove of 
some value in diagnosticating a true hepatic insufficiencj’’, resulting from 
either acute intoxication or chronic progressive degeneration The accu- 
rate deteimination of blood fibrinogen is not suitable for clinical pui poses, 
but in cases with very low fibiinogen, this fact is obvious from examina- 
tion of the blood-clots in a small test-tube Better still, a little oxalated 
plasma can be obtained and clotted by means of calcium salts giving a 
puie clot without blood-cells fiom which a lougli estimation of fibrinogen 
IS possible 



BOOK REVIEW 


'Ijie PARASxric Ajidbas 01 3 ^^A^ By Cliniles F Ciaig, MD, Captain, Medical 
Corps United States Army Fioni the Bactciiologic Laboiatory of tlie Army 
:Medical School, Washington, D C , and the Rockefeller Institute for Medical 
Reseaich, Jfeu Yoik Cloth Puce, $2 50 Pp 253 Philadelphia J B 
Lippincott Co, 1911 

Captain Ciaig is well known as one of the most peisistent, as well as accom- 
plished, students of intestinal aniebas He was the first to confirm the important 
discovery of Scliaiidinn By icason of bis assignments to the most impoitant 
stations in the United States and its teriitoiial possessions, he has been able to 
study intestinal amebas under peculiaily fai’orable conditions and his accuiacy 
as an obsenei, combined with his great technical skill, haie gnen him exceptional 
advantages A book on the subject by him must, therefoie, be a matter of moie 
than oidiiiary interest Careful studj’’ of the work named above shows that the 
lesult IS highlj satisfactory Captain Craig has gnen us a full and concise 
account of amebas in their vaiious relations lie begins wuth a biief but adequate 
historical sketch, the salient fcatuies of which are the facts that intestinal 
amebas haao been known for just half a centuiy and that moie woik has been 
done on them iii the last ten yeais than in all the time befoie Tlie chapter on 
“Moiphology and Biologj” makes clear that theie are many species of intestinal 
amebas, but that few' of them are pathogenic The chaptei on “CulWation and 
Isomenclature” is a very sensible and satisfactoiy one, and one that would be 
useful foi the beginnei in any line of protoroan investigation The chapter on 
“Technic” is clear and piactical Captain Craig empliasizes the necessity of 
using fiesli pieparations for diagnostic purposes As he says, stained preparations 
should ne^er be depended on foi diagnosis, except in the hands of an expeit The 
chaptei on “Cultures” emphasizes the fact generally accepted by zoologists that 
none of the amebas that are paiasites of man have been cultivated The bulk 
of the book is given oier to the moie impoitant species, Eiitamccha coli, Entamafba 
histolyUca and Entamccha ictragena This gives a complete pictuie of our piesent 
know'ledge of human amebiasis, and its careful study should greatly advance our 
Icnow ledge of all problems connected w'ltli intestinal amebas It should be impos 
sible for anybody W'lio carefully reads the book to make a diagnosis of amebic 
colitis by finding after many hours search a single possible ameba Biiefer bu 
adequate treatment is given to other foi ms of amebas that have been found y 
investigators in vaiious jiarts of the world, including the interesting Paiamce 
homims Other chapters describe amebas found in the mouth, in the gem o 
urinary tiact, in exudates, abscesses and in the lungs 

A large, though necessaiily incomplete, bibliography is included The * 
ical execution of the book is good, the illustrations are W'ell chosen an . 

and altogether the book is one that cannot be neglected by any stu en o p 
or of intestinal diseases 



The Archives of Internal Medicine 


Vol IX 


APRIL 1912 


No 4 


LliTGUATULA SEERATA (LARVA) IN A IS^ATIVE CEiS~TEAL 

AMERICAN- - 

S T DAELING, MD, and H C CLARK, MD 

ANCON, C Z 

Two cases of infection b}" linguatulids have been observed at Ancon 
Hospital during the past six 3 ears and while the condition is not uncom- 
monl}’ met vith at autops}^ in Euiope, and infections by other repre- 
sentatives of the LinguatulidoB — Poiocephahis amnllatus and momli- 
foimis^ have been reported from Africa and Asia, the literature appears 
to afford no example of an infection by Linguatula in a native of America 
The case reported by Aitken^ was one m which P otocephalus armxl- 
laiiis vas found in the lungs and liver of an African negro soldier who 
died about eight months after leaving Africa “Although in this instance 
the negio was stationed in Jamaica, it is most probable that he had the 
germs of these parasites within him \shen he left his native shores in 
some part of Africa, and that this parasite is endemic neither in St 
Helena nor in Jamaica ” 

Case Report — ^In the case reported here a post-mortem e.vamination was being 
held on the body of Leonidas T , aged 32, a native of Nicaragua He had been in 
Guatemala fourteen months previously and had lost an arm during one of the 
revolutions there It cannot be ascertained with accuracy how long he had been 
in the Canal Zone, for he was not an employe He entered the hospital at Paraiso 
and had evidently been on the trails for a couple of days (Dr Preston) The 
patient was transferred to Ancon Hospital Aug 29, 1911, and died September 15 
During the autopsv, immediately after the lungs had been remo\ed and incised, 
a lar^a was found crawling over the cut surface and along the pleura As this 
Alas the only lari^a found, its exact location during the life of the patient is not 
knoAAn It may have been free in the pleural caiuty encysted in the lungs or 
free in a bronchus A A’^ery careful search Aias made through the accessory nasal 
sinuses pharynx, lungs, bronchi, and other caiuties and Aiscera, but no adults 
or other larA'ai aa ere found 

The larA'a, Aihile parasitic Avas, no doubt harmless and played no part Aihat- 
eier m the cause of death, Ailiich Aias cirrhosis of the Iner 

Sections of the liA'er contained no eAidences of encysted dead or calcareously 
infiltrated parasites and no cAidence of their eAcr liaAing been present 

Descnptton of Larva — ^The laria aaus actiA-e and era Ailed about a err much 
like a flv laria Its actiAutv vas retained after being file or six hours in saline 
solution under a coierslip Its color Aias Aihite, becoming gravish and translucent 


*From the Board of Health LaboratorA 

1 Quoted from Sambon Jour Trop Med and Hvg Lond 1910 xiii, 212 





402 


'nw utcimns op iptpppal medicipe 

m1io2i 7iioiitito(l tcinpoianh iindei a co\ej slip « 7 tli saline solution The body is 
6 5 inni long, its giealest bicadlh 152 nun , it is flattened and tapers to an 
obtuse point postenoilv It is encircled trans\cisely with alternate rows of 
])oios and letioise coloiless, clntinous spines 'J’hcsc rows of spines are ninety 
two in minibei and aie about 0 072 nun apait and each spine is about 0 030 mm 
long Hie fust oi antciioi, low of spines onciicles the mouth and is inserted 
highei at the sides and dips \enlialh so that at the sides it is 0 184 mm fiom 
its neigbboi Jlie poics aie absent between the Hist and second rows of spines 
The fouith and fiftli lows of spines aic incomplete, ^enlra ]]3 in a line posterior 



Fig 1 — Laiva of LinguaUda set rata, measuiing C 6 mm \ 1 52 mm 
post-mortem examination of the body of a native of Nicaiagua 


found at 


to the mouth The anterior end of the laiva ePip 

and its antenor margin is 0 288 mm m w’ldth The mou i is mouth is 

tieal in shape, and leinforced with cnitin osL m diame 

0 2 mm posterior to the anterior maigm of the lal^a The . P 

ter of the month is 0 136 mm , the transveise s 0^0 mm^^^ 

angle formed by the junction of the j„Je„or by a nairow canal 

a stigmal pore (’) which chitmous hooks, the 

Surrounding the mouth are two pairs of strong, jointea. 
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jaws of the anterior pair are opposite the oral apeituie The second pan aie 
placed a little posteiioi to and moie external than the fiist The anteiioi poition 
of the hooks is very sharp and may be piotruded thiough slits oi invaginations 
in the integument of the laiva The hooks are 0 676 mm long As the anteiioi 
portions of the hooks are reti acted, the convexities of the fiee, shaip-pointed tips 
fit into short chitinous protective sockets oi giooves Aftei watching the move- 
ments of these chitinous hooks it is seen that the anterior jointed ends with their 
veiy sharp points have a hammer-like action and are pi ejected and reti acted by 
a piehensile movement veiy much like that of a cat’s claws The impiession 
received at first is that the hooks coiiespond to the teiminals of legs They aie 
not legs, however, but should be regaided, as has been pointed out by Di Stiles, 
as homologues of the mandibles and palpi of Aiachnida 



Fig 2 — Anteiioi end of Ltnguatnla senata larva shown in Figuie 1 


In 1905 one of US (S T D ) saw, in a film preparation from a stool, 
a laiva verj^ much like the one just deseiibed The chitinous retroise 
spines and the chitinous hooks aiound the mouth weie daiker in color 
than in the case desciibed above, but otherwise lesembled it closely 
It IS believed that the patient was a white man, eithei a native of or 
long 1 esident in Central America 

The Lxnguaiuhdce, oi tongue woims, belong to the phylum, Aithio~ 
poda, class, Aiaclimda, vhieh includes the spiders, mites, ticks etc Bi 
leason of then peculiar paiasitic habits, they have an appearance lerv 
unlike most membeis of the class The sexes aie distinct, the males of 
L senaia (Fiolicli, 1784) being fiom IS to 20 mm in length and white 
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Hicoloi The female IS of a yellowish color, fiom 8 to 13 era long Eggs 

aie laid and fiom each egg theie hatches out a four-legged larva with 
1 udiraeniary mouth poit^ The female lives in the nasal cavities of 
carnivoia and is said to lay as many as half a million eggs, winch pass 
out of the nasal cavity mixed with nasal mucus and are deposited on 
pa'jtuies where the} aie taken up by gia/ing animals The larva, winch 
resembles a mite, pieices the mucosa of the intestinal tiact in the new 
host (heibivoia) and makes its way to the mosenteiie glands, livei, 
kidney, etc, wdieie it becomes encysted 

Dining a peiiod of about si\ months the laiia undergoes metamor- 
phosis into the njniph, which exhibits many of the characteis of the 
adult Latei, complete development of the adult takes place, in a pri- 
mary host 

Pathology m Dogs — The pathological changes, according to Fried- 
bergei and Fiohner,- aie not seiious and consist of a catairhal condition 
01 rarely a hemoiiliagic infiltiation of the mucosa of the ethmoidal cells 
and nasal passages 

In man, London lepoitcd a case of infection in a ^‘blacksmiths in 
which there w'Cie pains in the livei, accompanied by icterus and intestinal 
disorders Latei, wdien S}mptoms were i educed to icterus and w'eakness, 
bleeding of the nose set in and continued wuth slight intermissions for 
seven years An unpleasant sensation of piessure in the left nasal cavity 
set in w'lth inflammatoiy sw'elhng of the mucous meinbiane At last, 
when the pressure in the nose had considerably increased, a Lingnatuh 
was expelled fiom the nose with a violent attack of sneezing The bleed- 
ing then ceased and the patient soon recovered ” 

Braun^ is of the opinion that the first illness wms connected w'lth the 
invasion of the liver by numeious laivae wdiich disappeaied after encyst- 
ment One or a few of these must have subsequently found their w^ay 
to the nose and settled there 

Incidence — The adult of L seiiaia is more larely found than the 
larval form The adults are found most frequently in dogs and w^olves 
chiefly in their nasal cavities, and fiontal sinus, and in the central nasal 
passage, also the ethmoidal cells, pharyngeal cavity, in the laiynx, behind 
the rima glottidis and in the middle ear The laival form is found most 
frequently in sheep, also in oxen, hare, rabbits, deei, dromedaries, rac 
coon, antelope, swune, guinea-pigs and also in man, in wdiom it occurs 
encysted in the mesenteric lymph-nodes, livei, kidnej'^s and lungs, an 
also free in the abdominal and pleural cavity ( ?) and an -passages 


Veteiinaiy Pathology, London, Hurst Blackett, 


2 Friedberger and Frohnei 
1908, 11, 21 

3 Landon Berl klin Wchnsehr , 1878, xv, 730 William Wood Co 

4- Braun Animal Parasites of Man, New York, 10, 
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In man* Virchow found the parasite in Wnrzbnrg and Berlin, 
Wagner in Leipsic, Preriehs m Breslau, five times in fort 3 ''-seven autop- 
sies Zenkei first called attention to the occurrence of the larva in man, 
having found it nine times in the liver in 168 autopsies According to 
Zaeslin, two cases occurred in Basel in 1,914: autopsies At Kionstadt 
laivjB were found six times in 659 autopsies, most frequently one oi two 
specimens being found in the liver 

In dogs Priedberger and Frohner state that the parasite is found 
more commonly in some districts than in others They found it fre- 
quently in Berlin but only exceptionally in Munich Heiing found it 
once only in Stuttgart, while Colin found it in sixty-four out of 630 
Paiisian dogs examined The parasite seems to be present only in the 
larger breed of dogs, such as mastiff and the butcher’s dogs, and was 
found oftenest in the ethmoidal cells firmly attached to the mucosa 



BLOOD-PRESSURE lU CHEYUE-STOKES RESPIEATIOY 

L J POLLOCK, ML 

IIOSI'ITAI,, II L 

Special niipetns to tlie study of tins paiticulai physiological featuic 
Jias been given by the woik of Cushing,^ who slioived experimentallv and 
cIinicaHy tliat in Che] ne-Stokes lespiration associated with inei eased 
intiaciaiiial tension the blood-piessuie was low duiing the period of 
apnea and Ingli dining the peiiod of Inpeipnea J A E Eystei" demon- 
stiatod the clinical value of this fact in the differentiation of Clieyne- 
Stokes lespiiation associated with inci eased intiacianial tension from 
othei tipes The gieat inteiest and impoitance of this observation 
justifies a lepoit based on fifteen cases of Cheyne-Stokes respiiation 
aiising fiom vaiious causes, including eerebial hemoiihage, ceiebral and 
general aiteiioseleiosis, noocaiditis, decompensated organic heait lesions, 
pneumonia J infaiet of the lungs and nephiitis The tiacings were 
obtained b^ the Eilangei sphygmomanometer with a pneumograph 
attachment 


Tabil SiiowiAG Blood Prcssuuc in I'lrTrcx Cases or Cheine Stokes Respira- 
tion Arising troji Various Causes 


No 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


Name 

N 

T 

W 

B 

H 

B 

L 

E 

L 

S 

c 

H 

J 

B 

A 


Clinical Features 


Biood-Piessure During Apnea 


Apoplexy, auricular venous pulse 

Geneial ai teiiosclerosis , myocarditis, extrasystoles 

JMitial insu/Iiciency, positive lenons and liver pulse 

jMitial and aortic insufficiency 

Pneumonia, auriculai lenous pulse 

Mitral insufficiency 

Cerebral arteiiosclerosis and neplmtis 

Tie doulouieux, (asthma’) 

Cerebral arteriosclerosis (Traube Henng waves) 

Pseudobulbai palsy, tachycardia 

Infaict of lung, neplmtis 

Mitral insufficiency 

Fractured liip, arteriosclerosis 

Pneumonia, normal venous pulse 

Apoplexy pseudohemisystole 


Lov 

High 

High 

High 

Low 

High 

High 

High 

High 

Low 

High 

High 

High 

High 

Low 


Eiom this table it can be seen that the findings coiroborate Eystei’s 
observation wuth one exception, Case 5, one of pnenmonia with no nenro 
logical findings and no organic lesion of the heart Post-moitem exami 
nation was not obtained 


1 Cushing Am Jour Med Sc, 1902, cxxiv 375, 1903 cxxv, 1017, Johns 

Hopkins Hosp Bull , 1901, xii, 290 

2 Eyster, J A E Johns Hopkins Ho&p Bull 1906, xvii, 296 
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In Cheyne-Stokes respnation of incieased mtiacianial tension it iias 
seen that the blood-piessuie began to use slightly before lespiialion 
commenced;, being highest as the summit of lespiiatoi}^ mmenients was 
leacbed;, when it began to fall;, leachmg its lowest point dining apnea 
In cases not associated with increased mtiacranial tension the blood- 



- - 

Pig 1 — ^Tiacing showing high blood piessure dm mg apnea in a case of infaict 
of the lung 



Fig 2 — Tiacing showing low blood-pressui e duiing apnea in a case of cerebial 
liemoi 1 hages 

pressure began to fall after the beginning of respiration and lose as 
lespiiation diminished 

Aside fiom blood-pressure a few obser\ations aie notewoitln Tlie 
apex-beat showed an inciease of amplitude m all cases dining the peiiod 
of hypeipnea The pulse-rate was increased with each rise of blood- 
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piessiiie There "ttere niimeious e\tras3'stoles m cases of arteriosclerosis 
during the peiiod of h3peipnea There uas moie oi less irregularity of 
the pul=e in all cases duiing this period Tiaube-Hering waves were 
inaiked in one case The Aenous and liver-pulses showed little change 
tliioughout tlie two peiiodSj the auiicular uaies inei eased in size and the 
a-c inteival was lengthened during apnea 

Case 15 shoued pseudoheniis3 stole, a eondition in which, in a 
bigeminal beat of the heait, the second beat of the heait is too veak to 
piopagate an arteiial pulse This is of consideiable interest, inasmuch 
as Cohnheiin and Welch^ shoued that a paral3sis of the left ventricle 
with the light still beating uas a mechanical cause of pulmonaiy edema 
It uould seem tliat the mechanKin of the changes of blood-pressure 
in Che3me-Stokes respiiation associated vith inci eased intracranial ten- 
sion IS as follows The intiacranial tension being higher than the geneial 
blood-piessuie, ceiebial anemia exists and apnea is piesent The vaso- 
motoi centeis aie automatieall3 stimulated to raise the general blood- 
pi essuie 111 an effort to piodiiee an equihbiium between it and the 
intracranial tension As tlie geneial blood-pressure rises respiratory 
moiements lecomraence at their height the vasomotoi centers aie no 
longei stimulated and the geneial blood-piessuie again falls and the 
respiraton' moi ements dimmish and finall3 cease 

3 Colmhemi and Welch Uehor acutes Lungenoederaa, Cohnlieim’s gesammelte 
Abhandlungen, Berlin, 1885, p 593 


THE EFFECT OF PEESSUEE-LOWEEIHG DEHGS ATO 
THEEAPEUTIC MEASURES OH SYSTOLIC 
AHD DIASTOLIC PEESSUEE 
IH MAH' 

CHARLES H LAWRENCE, JR , SID 

BOSTON 

The effect of various vasodilators on the S3 stolic pressure in man has 
ben carefully studied by several investigators/ but changes in diastolic 
and pulse-pressures accompanying the 53 stolic changes have received but 
scant attention, diastolic and pulse-pressure being regarded as of theo- 
retical interest onl3 Eecent investigations/ however, indicate that the 
pulse-piessure is an important factor m determining the efBcienc3’' of 
the circulation and of more value in prognosis than the S3'stolic pressure 
To quote from Erlanger and Hooker,^ ‘The knowledge of any one of the 
blood-pressures [s3^stolic, diastolic or mean] throws but little light on 
the conditions of the circulation ” 

For this reason, observations on the action of various drugs and 
therapeutic measures on the pulse-piessure seemed of value since b3' 
such means the indications and contra-indications for their use might be 
more clearly established This paper deals with the effects of \arious 
vasodilators and pressure-lowering measures on the systolic, diastolic 
and pulse-pressures, and on the pulse-rate In a second paper the effect 
of such changes m the ciiculation on the excretion of urine will be 
discussed 

The patients chosen for the observations were selected at random 
from among those entermg the hospital showing permanent In pertension 
All of them showed a contmued systolic pressure of 180 or over. Of the 
twenty patients studied, sixteen were classed as cardiorenal as they showed 
cardiac h3pertrophy and dilatation and some general arterial change as 
well as evidence of nephritis; tvo showed marked arterial degeneration 
vith no evidence of renal change be3ond that due to vascular change, and 

’From the Henry P Walcott FelloMvship m Clinical Medicine, Harvard lled- 
ical School 

1 Matthews Vasodilators in High Pressure, Quart Jour Med 1909, 11 , 2G1 
^Miller, J L Hypertension and the Value of Various Methods for its Reduction 
Jour Am :Med Assn 1910 liv, 1GG6 Hewlett, A W Effect of Amyl Nitrite 
Inhalations on Blood-Pressure in ^lan, Jour Med Research, 190G, xv, 383 Cook, 
H W, and Briggs, J B Clinical Observations on Blood-Pre=sure, Johns Hopkins 
Hosp Rep 1903, xl 452 

2 Erlanger and Hooker* An Experimental Studv of Blood-Pressure and 
Pulse-Pressure in 3Ian, Johns Hopkins Hosp Rep 1904 xii 145 Hooker* 
Influence of Pulse-Pre=sure on Renal Function Am Jour Phv=iol , 1910, xxvii, 24 

3 Erlanger and Hooker Johns Hopkins Hosp Rep 1903 xi 150 
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aie therefore classed as arteriosclerosis, and two showed no arteriosclerosis 
and only slight cardiac h 3 'pertrophy and are therefoie labelled nephritis 
All but one ueie males, as it was early found that they were better 
subjects than women for the obseivations 

Observations on the effects of the measuies studied were not 
attempted until the patients had been in the hospital long enough to 
become accustomed to the use of the sphygmomanometer, and to the 
hospital regimen Excitement may cause marked fluctuation in the 
piessure, accoiding to Zabel,^ and twice-daily observations on tlie pies- 
suies of the patients observed showed considerable variations during the 
first few daj's of then stay in the hospital During the remainder of their 
stay they were m a small and quiet ward, and seldom showed marked 
changes in pressure i\hich could not be explained on a basis other than 
psj chic 

Observations weie made as far as possible from meal houis The 
patients were in the prone or semi-pione position The apparatus used 
was the Eaught sphj'gmomanometer with the 12-eentimeter arm-band 
Successive observations were taken always on the same arm Observa- 
tions were taken at regular intervals before and after the admmistration 
of drugs or beginning of a therapeutic measure, and care was taken to 
obviate the production of passive congestion of the arm from the succes- 
sive constrictions by massage or passive motion between readings The 
systolic pressure was taken at that point at which the pulse first appeared 
at the wrist after complete obliteration The diastolic pressure was 
determined by tlie auscultatory method, which has been shown by many 
observers'^ to be remarkably accurate The pulse-pressure was thus about 
10 mm less than it would have been had the systolic determination been 
made by the auscultatory method , but it seemed best to use the commoner 
method of palpation, in order that the results might be comparable to 
those of others obtained in the same way The pulse-rate was counted 
for a full minute, in order that diffeiences of four or eight beats might 
be accurately ascertained, and that the error due to multiplying a fifteen- 
or thirty-second count might be eliminated 

The results of the observations are given in the following charts and 
tables A brief explanation of tliese may make clear the points they 
would bring out Each section of Table 1, except that marked vaso 
tonin,” shows the results of ten observations on patients who reacted to 
the drug Those patients who showed no change in pressure after admin- 


4 Zabel Sudden Changes in Blood-Pressure and Their Causes, Munchen med 

Wchnschr , 1910, xliv, 2278 PfimTinred 

5 Fischer Auscultatory Method of Blood-Pressure Measurement Compareu 

to von Recklinghausen’s, Deutsch med Wchnschr , ^ , Determining 

man and Hoivell Clinical Studies in the Auscultatory wf 

Blood-Pressure, Univ Penn Med Bull , 1910, xxiii, 4 a g « -pj . j Pressure 
Comparison of the von Recklinghausen and Korotkoff Methods of B 
Estimation, Deutsch Ztschr f klm Med , 1908, xciv, 441 
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istiation of the drug aie not included in these tables, the purpose of 
iwhicli IS to eompaie the cuives pioduced b}-- the drugs Cases in which 
the patients did not respond aie therefore omitted in order not to distort 
the curve Thej'- will, however, be briefly discussed later The drugs 
compared are sodium nitrite, ei} thiol tetranitiate, mannitol hexanitrate 
and vasotonin The results of venesection, hot-air baths, electric-light 
baths and treatment with high-frequency currents are likewise tabulated 
The efCects of amyl nitrite and nitroglycerin aie not tabulated here, 
as they are too tiansient to admit of accuiate study by the method used 
A curve constructed from the readings obtained after their use, however, 
indicates that the changes pioduced are similar in chaiactei to those 
caused by othei members of the nitiite group, though less intense and 
less enduring Careful study of the action of amyl nitrite and nitro- 
glycerin has been made by Hewlett^ and Matthews ^ 


Table 2 — Influence or Pbessure-Lowerinq Therateutic ]\Ieaslres on Systolic and 

Diastolic Pressure 


No of Cases No of Cases Show- No of Cases 

Showing Fall mg no Change Showing Eise 


High-fi equency Currents- 
10 cases 


1, systolic, 20 mm , dias 
tolic, 0 mm 


S 1, systolic, 10 mm 

diastolic, 10 mm 


Hot an baths — 
10 cases 


4, average svstolic, 24 mm 
diastolic, 12 mm 


5 1, systolic, 10 mm 

diastolic, 10 mm 


Electric light baths — 
10 cases 


5, aveiage svstolic, 18 mm 
diastolic, 10 m m 


4 


1, systolic, 10 mm 
diastolic, 10 mm 


Comparing the tables on sodium nitrite, eijdhiol and mannitol, it 
will be seen that there is considerable vaiiation in the rapidity, intensity 
and duration of then actions They all show the same maximum fall, 
systolic and diastolic, but the average systolic fall caused by mannitol 
IS greater than that brought about by the other two while the aveiage 
diastolic fall is practically the same for all Mannitol, theiefore, dimin- 
ishes the pulse-pressure more maikedly than the other tvo This is 
shown graphically in Chart 1, in which the aveiage effect of each drug, 
based on ten observations each, is shown The tables likewise show that 
sodium nitrite has a more marked effect on the pulse-rate than the other 
two drugs, in this respect acting much like nitroglyceiin and amjd 
nitrite The dings whose effect lasts longest appear to cause less dis- 
turbance of pulse-rate and less change in diastolic pressuie than the 
quicker acting members of the group The reason for this probably lies 
in the chemical composition of the drugs, mannitol and eiythrol bring 
hexa- and tetra-nitrates, fiom which the nitrites aie more slowly absoibe 
than from sodium nitrite or nitroglycerin 

In spite of the individual diffeiences, however, the effect of 
members of this group on the circulation is essentially the same le 
t 5 q)e action as shown bj Chart 1 is as follows S 3 stolic pressure is loweie , 
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diastolic pressure is loweied, the fall bearing to the systolic fall a stiik- 
ingly constant ratio of approximately 1 to 2 Thus pulse-pressure is 
diminished The ratio of pulse-pressure to systolic pressure, however, 
approaches normal more nearly than under the conditions of hypertension 
This can be seen in Charts 2, 3 and 4, m a curve typical of the diiig 



Clnrt 1 — ^The relatl^e efiects of the Aanous measures studied on systolic, 
diastolic and pulse-pressui e The three upper cur\es are constructed from ten 
obser%ations each, the tivo lower from fi%e observations each The lower of each 
pair of lines represents the dia'stolic pressure 


used These chaits likewise show that the pulse is as a rule, accelerated 
To this ttpical action there are several exceptions The commonest 
is absence of ana action at all This occurred in three cases witli sodium 




414 


TEE ARCHIVES OF INTERNAL MEDICINE 


nitrite, and in six witli erytlirol With the latter drug the preparation 
was probably at fault in three cases, it being the same as that witli 
which Matthews^ repoited negative results in his article In the othei 
three cases, and in the two in which sodium nitrite failed to act, tlieie 
appeared to be no common feature One reacted later to the same prepa- 
ration, one had alieady shovn a fall in pressure after tbe administration 
of erythrol The presence or absence of edema did not play an important 
part in influencing the action of the drug, for three of the cases which 
gave no fall showed no edema, while in six cases showing marked edema 
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Chart 2 — A curve obtained by the use of sodium nitrite The acceleration of 
the pulse-rate during the fall in pressure is the rule, slowing of the pulse at that 
point was obseived in a few cases The systolic use above the original leve 
at the end of the curve is more common with this drug than with those causing 
a more gradual curve No terminal diastolic rise above the original level was 
noted Diastolic fall half the systolic 

of the lower extremities the patients reacted promptly and typically to 
a vasodilator Another exception to the tj'pical action of the group is a 
rise m pressure following tlie administration of the drug This occurre 
but twice m this series of observations Systolic and diastolic pressures 
were both affected, the normal curve being simply inverted 

The pulse-1 ate is usually quickened but may be slowed The 
action IS the more common, and the latter must be regarded as 
exceptional result The cases in which it occurred failed 
common feature which might be advanced as an explanation o e ac lo 
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Theoretically it should be possible to maintain the blood-pressure 
at a permanently lower level by the frequent administration of any one 
of the dmgs under discussion In the twenty cases in which observations 
were made this was impossible for more than forty-eight hours If the 
administration of the drug were then continued, the patient developed, 
as a rule, headache, restlessness and m some cases dyspnea, even though 
the pressure was at its original level The symptoms therefore can be 
fairly attributed to the drug, though the blood showed no evidences of 
methemoglobin in any case Omission of the drug for a few days would 
be foDowed by a reappearance of its characteristic action when it was once 
more resumed 



Chart 3 — Curve characteristic of the action of erythrol Less acceleration of 
pulse than with sodium nitrite Diastolic fall very slightly — ^less than half 
systolic 

Several authors in Germany® reported satisfactorv results from the 
use of vasotonin (a preparation of yohimbm and urethan), its action 
being reported as more permanent than that of the nitrites The curve 
in Chart 1 showing its effect is constructed from observations in five cases, 
in all of which its administration was followed by a rise of systolic and 
diastolic pressure Chart 5 shows a t3qncal curve obtained from an 
aiterioscleiotic patient In one case its administration was followed by a 
severe angmal attack aceompanjung the rise in pressure, in another there 
was marked vertigo 

t ® 

G Muller aud Fellner Deutsch med Wchnschr , 1910, viv, 914, and 9G1 
Fellner Klin Wchnschr 1910 xxi, 993 
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It IS lemarkable that even so small a series as five cases should without 
exception show a rise in pressme following the use of the drug Each 
patient reacted in a perfectly typical manner to the nitrites both before 
and after the administration o£ vasotonin The number of cases is too 
small to furnish conclusive evidence against the pieparation but large 
enough to establish the fact that its action is unceitain, and that it is 
unsafe to administer it in cases showing marked hypertension 

Of the other measures for loweiing high tension which were studied^ 
venesection gave the most interesting results Chart 1 shows the duration 
of action compiled from five curves as compared with the duiation of the 
drug method of i educing blood-piessure Its action is much more pro- 



Chart 4 — Effect of mannitol Acceleration of pulse slight Diastolic fall 
slower than systolic and but slightly more than half as great Diastolic use 
slower than sj'stolic, resulting in increased pulse-piessure at end of curve 


longed than that of any drug studied In foui of the five cases obseived^ 
pressure did not regain its original level in twelve hours In one case 
the pressure remained reduced for tliirty-six hours 

Chart 5 shows a single curve after venesection It was the second one 
performed on the patient, who was moribund with uremic symptoms, and 
both the extent and duration of the fall obtained are less than in the other 
cases For this ver}' reason, however, it admits of more complete anal} sis 

and IS therefore selected for reproduction 

It will be seen that the diastolic pressure fell just half as far as the 
svstolie, a ratio alieady noted The maximum diastolic fall, however. 
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was moie prolonged than the sj^stolic, so that an inci eased pulse-pressuie 
with a loweied diastolic pressure was the result Such a condition means 
a nearei approximation to the normal “coefficient of pressure”* than 
obtained before the venesection 

The results of electric-light and hot-air baths, and of treatment with 
high-frequency currents were necessarily studied in less detail, since any 
attempt to record pressures during such treatments would have seriously 
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Chart 5 — ^Effect of vasotonin A considerable and prolonged rise in both 
systolic and diastolic piessuie Pulse practically unaffected The patient vas 
suffeimg from arteiiosclerosis His kidneys Aiere apparently only slightly 
affected 


interfered with then efficiency Eeference to the table shovs, however, 
that a fall in piessuie was more frequent vith electric-light oi hot-air 
baths than with high frequencj' treatment,® which indeed gave di^cour- 

7 Gibson, G A Aiterial Pressure, Edinburgh Med Jour, 1911, Xen Series 
T-vi, 1907 

S Savlei, Ettie Effects of Electrical Treatment on High Blood-Pres'ure, 
Blit Med Jour, 1910, ii, 1052 
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TG's'iilts The civ0ra.g6 sj^stolic fall obtained with the other niethods 
was about 20 mm , the diastohe half of that Pressure usually returned 
to the oiiginal height in an hour oi less The pulse was always acceler- 
ated duiing the treatment but reached normal soon after its termination 
The numbei of cases showing no change in pressure is about equal 
to those in which a fall was lecoided As in the case of the vasodilators, 
no common sjmiptoms could be assigned to such cases The patients did 
not, however, ^Teact” well to the baths, perspiration being very slight, 
and lelief after the bath was absent The patients who ^Teacted weiy^ 
1 e , perspired fieelj and felt lelieved after the bath, all showed lowered 
pressure 



Chart 6 — Effect of venesection Action in this case less marked and less sus 
tamed than m others Patient uremic and moribund Pulse slowed Diastolic 
fall two-thirds as great as systolic, therefore pulse-pressure diminished ess an 
by vasodilators 


COKCLUSIONS 

1 The reduction of systolic pleasure in cases of hypertension by the 
use of nitrites, venesection^ electricity or hot air, is accompanied by a 
fall in diastolic pressure amounting, as a rule, to approximately one-ha 

the systolic fall , 

2 Such a reduction produces a coefficient of pressure more near y 
approaching the normal than does the coefficient under the conditions 

of hypertension 
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3 Sodium nitrite reduces diastolic pressure more rapidly than the 
moie complex compounds, thus causing a shorter initial diminution of 
pulse-pressure than is obtained with mannitol or erythrol Its effect on 
the pulse is more marked than that of the other two drugs The duration 
of its action is slightly less 

4 None of the nitrite group is efficient for maintaining a piessure 
at a permanently lowered level, as a tolerance is soon acquired and 
increasing the dose is apt to cause unpleasant symptoms 

5 Venesection has a more lasting effect in lowermg the pressure than 
have any of the drugs considered in this paper The diastolic pressure 
IS depressed longer than the systolic, the pulse pressure thus being 
increased 

6 The effect of hot-air baths, electric-light baths and treatment with 
high-frequency curients is unceitam A fall in pressure, if produced, 
IS tiansient 

7 Vasotonin is not certam in its action and is not safe to use in cases 
showing marked hypertension, an increase of which might bring about 
untoward results 

8 In cases with permanent hypertension the effect on renal function 
of lowering the general piessure is an important and interesting point 
which will he discussed in a later paper 

I wish to thank Dr F C Shattuck for making this work possible, and for 
interest and encouragement at all times My thanks are also due to all the mem- 
bers of the Visiting staff and to all connected with the Massachusetts General 
Hospital who have aided me so kindly 

374 Marlboro Street 



THE CAUSE OF MALAHIAL AFEMIA, AoSTD THE IHTEA- 
VASCHLAR MIGRATIOETS OE THE 
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All investigators agi'ee tliat in few conditions does so marked and 
lapid anemia develop as in inalaiia. Tlie rapiditj’’ of its development^ as 
well as its severit}'', has often excited notice Eor example, Dionisi^ noted 
a redaction of 500,000 red coipuscles in twelve hours, and also demon- 
strated that theie is no intimate i elation between the number of parasites 
present in the peiipheral blood and the destruction of red corpuscles 
duiing a paiox 3 '’sm Grawitz- noted a loss of 4,000,000 led corpuscles in 
SIX days Kelsch^ found a diminution of red coipuscles durmg intervals 
between parox 3 'sms, with an especially great decrease in eases of acute 
malarial infections, one ease showing 500,000 to the cubic millimeter 
Maichiafava and Bignami^ found that there was a destruction of red 
corpuscles in non-febrile cases of laival malaiia, and Ewing® found post- 
febrile anemia to be the rule m all veiy seveie cases of malaria Manson® 
writes 


We find a decided oligocytliomia greatly in excess of anything we might expect, 
or whicli can be accounted for by, or is in coiiespondence with, the proportion 
of corpuscles attacked or directly consumed by the parasite, judging from what 
we see in the peripheral blood What are the clinical facts? One or two 

paroxysms only of some malarial fevers may be immediately followed by an 
anemia so pronounced as to he discernible to the eye in the intense pallor of the 
skin and visible mucous surfaces On counting the corpuscles in such a case we 
note a regular drop in their number of from 5 to 10 per cent per paroxysm 
Often after a single paroxysm of some pernicious fever as many as half a million, 
or even one million, corpuscles per cubic millimeter drop out of the normal five 
million, and this reduction may go on, as paroxysm follows paroxysm, until the 
coipusciilar richness has fallen to one million, or even less Not only is 

there this marked diminution in the proportion of the corpuscles to the bulk o 
the blood and in their hemoglobin value, but there is, furthermore, in all malaiia 
conditions of any considerable standing, a marked diminution in the volume o 
blood Thus it comes that at the post-mortem examination of such a case we do 
not encounter that congestion of the organs which is so usual a feature in mos 


from the Ameiican Medical Association, Com- 
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Clinical Examination of the Blood, Ed 


Woik done under a grant 
mittee on Scientiiic Research 

1 Diomsi Lo Spenmentale, 1891, E m and iv, 

2 Grawitz Quoted from Cabot 

P nnn 

3 Kelseh Arch de physiol norm et path , 1875, second senes, ii, 690 

4 Marchiafava and Bignarai Deutsch med Wehnschr, 1892, .xvin, 15, 

5 Ewing Clinical Pathology of the Blood, 1903, p 460 

6 Manson Tropical Diseases, 1903, pp 94 and 95 
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specific fevers On the contrary, altliougli in quite lecent cases viscei'al conges- 
tion may be marked enough, if a malaiial fever has been of any considerable 
duration, the venous system, with the exception of that appertaining to the spleen, 
liver and portal system generally, may be markedly empty 

This anemia of malaiial fevers has never been satisfactorih’’ accounted 
for It has been generally believed that each malarial paiasite grew up 
and finished its life cycle within a single corpuscle, the segmentation of 
the parasite corresponding usually with the final destruction of the 
corpuscle But when we consider that, in some cases, the degiee and 
rapid advance of the anemia seem to be out of all proportion to the 
number of parasites present, some supplementary hypothesis has to be 
invoked — some other factor presupposed 

In malarial hemoglobinuria, in winch an enormous destruction of red 
corpuscles occurs, it is usually assumed that this supplementary factoi 
IS the quinin ingested for therapeutic purposes Other elements have been 
considered to play a part Thayer,"^ in discussing this problem, is led 
to consider that “the destruction is probably too gieat to be dependent 
wholly on the disintegration of parasitiferous elements We are com- 
pelled to suppose the existence of some condition which renders 

the uninfected red corpuscle unusually vulneiable, possibly some change 
in the blood-serum by which its isotomcity is markedly distuibed ” 

Manson,® in discussing the same problem, writes 

May it not be that at a paiticulai stage in all malarial fevers which 

coiiesponds to the breaking down of the sporulating parasite, there is a sudden 
liberation of some hemoglobin-dissolving substance that this substance 

IS set flee in the circulation, and that being there, retaining its digestive prop- 
erties, it continues to act as a hemoglobin solvent, and so dissolves out a propor- 
tion of the hemoglobin from the otherwise healthy corpuscles? 

Ewing® supposes that “the postcritical anemia is pimcipally referable 
to the globucidal action of the serum, dependent on the presence of a 
malaiial toxin Some of the facts [leading to this belief] are the dispio- 
poition between the anemia and the number of parasites present, and the 
stead}'" diminution in the loss of cells in the second and third as compared 
with the first paroxysm ” 

But in most discussions of this kind it is taken for granted that each 
paiasite finishes its life-cycle within a single corpuscle It is tiue that 
some observeis have recognized another possibilit}'^ Thus, Tha5er^° has 
confirmed Bastianelli and Bignami^^ in their observation that a half- 
giown parasite may abandon its corpuscle 

Occasionally, pigmented bodies may be found outside the red corpuscles frcO 
in the plasma Some of these represent entirely full-grovn bodies which ha^^^ 


7 Timer Lectures on Malarial Feiers, 1897 

8 ^lanson Tropical Diseases, 903, p 103 

9 Ewing Clinical Pathology of the Blood, 1903 p 461 

10 Thaver The Malarial Fevers of Baltimore, 1895 p 81 

11 Bastianelli and Bignanii Quoted from Thayer (See 10 ) 
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destiojed the sunounding coipuscle, while in other instances the half-groivn forms 
may actually leave then host Ihis piocess may be occasionally observed under 
the micioscope The corpuscle containing the parasite suddenly collapses, like a 
bladder, its color becoming immediately diffused into the sui rounding plasma, 
while the parasite, at the same moment, bursts out of the corpuscle into the 
serum Almost immediately after its escape from its host, the free parasite 
becomes irregular m outline or fragmented (Plate II, Pig 6 ) The pale, decol 
orired, e\panded shell of the corpuscle may sometimes be distinguished for a 
short time aftei the escape of the parasite 


The abandonment of corpuscles by paiasites in vaiious stages of devel- 
opment has been observed by Dock 

‘^'They seem to have a special tendency to escape from the blood- 
corpuscles at eaily peiiods He figures eight changes of form m “a 
small, fiee, hyaline body” (observation lasting five minutes, the parasite 
obseived was pigmented, vliich proved that it had previously been 
attached to a corpuscle), and again “The plasmodium may escape from 
the coipuscle at an}^ stage and, at any time, eitliei in the corpuscle or free 
in the plasma, can undergo segmentation ” 

DaCosta^“ states that “some parasites escape prematurely fiom the 
erythrocyte at an eaily peiiod of their life history ” And Laveran^'* refers 
several times to parasites fiee in the blood-seium In discussing the 
relation of the parasite to the corpuscle, Laveian says “The probability 
is that they simply’- adhere to the blood-corpuscles by piessing on them 
^^liat makes this supposition more likely to be true is that the parasitic 
elements aie often found in the blood in a fiee state and that at all 


periods of their development ” And again, he describes “small elements 
winch scarcely measure the siitli part of the diameter of one blood- 
corpuscle, and which only enclose one or two granules of pigment These 
bodies are sometimes isolated, sometimes grouped together m threes and 
fours, now free in the blood now adhoient to blood-corpuscles” Again, 
he describes ^^small transparent elements, the smallest of which only 
measured 1 micron in diameter and only contained one or two granules 
of pigment These bodies are sometimes free, sometimes adherent to red 
blood-corpuscles ” And Mannabeig,^® in referring to free parasites, says 


The spores, which have become free, are often demonstrated in enormous 
numbers The way in which their structure takes on stain is so stri 
mg that one is prevented from suspecting them to be “degeneration 

The ameboid bodies, too, which are often developed further than their 
«pore forming stage, are not infrequently to be found free in the liquor sanguinis 
fully retaining their structure 

These observations regarding the behavior of the malarial parasite in 
moist preparations outside the body have been repeatedly confirmed Th 


12 Dock Studies in the Etiology of Malarial Infection, Med f 

Ivii, 59, and Further Studies in Malanal Disease, Med ^ews, 1891, Ivii , 

13 Da Costa Clinical Hematology, 1901, p 365 

14 Laveran Paludism, 1893, pp 11, 12 and 13 

15 Mannaberg The Malarial Parasite, 1894, pp 2/7 and 278 
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fragmentation of parasites under the artificial conditions of being placed 
in vitio between slide and cover preparations, above lefeired to, appar- 
ently does not occur within the circulating blood At any rate, I have 
been unable to find any such appearances in stained specimens The 
behavior of the parasite outside the body may be explained m a number 
of ways Possibly the pressure of the cover-glass, or the atmospheric 
changes consequent on the gradual dr;ying up of the smear, may so atlect 
tbe parasite that it is unable to attack another corpuscle after it has 
destroyed the one it was attached to Possibly the chemistry of the serum 
or the osmotic conditions occurring in the necessarily abnormal slide- 
and-cover preparation, make it impossible for the parasite and the 
corpuscle to react to one another in the ordinary way 

Various explanations have been given to account for the presence 
of young pigmented parasites free in the blood-serum DoclP^ considered 
that they were either ^Varieties of the forms which carry on tbe t-^qiical 
process in malaria” or that they 'fiiave an independent existence,” and 
as to their origin be says ^'My observations show beyond doubt that 
they are derived from certain endoglobular forms ” Many obseivers 
consider the free pigmented paiasites as evidence of parasitic senility or 
degeneration Had these free parasites been recognized as migrating para- 
sites capable of destroying more than one corpuscle, the cause of the 
anemia of malarial fevers would, I think, have been obvious 

In contradistinction, then, to all pievious writers known to me, my 
studies have led me to believe that the cause of the rapid and serious 
anemia of malaria is the destruction of corpuscle after corpuscle by 
migrating parasites 

EVIDENCE OE THE MIGRATION OE MALARIAL PARASITES 

That a malarial parasite may destroy more than one* corpuscle is 
stiongly suggested by the following facts which I will present in advance 
as a summary of my findings 

1 I find in the blood-serum man}’’ free, pigmented and apparently 
healthy malarial parasites The great majoritj’^ of these free parasites 
have a compact structure and show no evidence of ameboid activity 

2 In the same smeai, attached to apparently healthy and therefore 
newly invaded red corpuscles, I find pigmented parasites whose stages of 
development are the same as those seen in parasites free from corpuscles 
Their pigment seems to mean the residuum of another corpuscle preii- 
ously attacked 

3 Attached to disintegrating red corpuscles, I find apparentl}' healthv 
pigmented paiasites in stages of development corresponding to those of 
tlie “free paiasites” and “parasites on healthy coipuscles” mentioned 
in the last two paragraphs 
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4 In the same smear I find corpuscular remnants free from parasites 
but occasionally showing tiaces of pigment which I believe are character- 
istic of the lecent presence of parasites 

All these four sets of phenomena may be seen in the same smear, or 
on the other hand, only one or two of these stages may be represented 
in a smear 

I interpret these foui sets of facts as representing the stages of a 
parasitic migration Thus we have 

1 Parasites free in the serum but containing pigment and therefore 
previously attached to a coipuscle These I believe are in migration 

2 Parasites uhich I believe have recently attached themselves to 
corpuscles I say 'Recently” because, from the staining reactions and 
other appearances of the corpuscles, I believe them to be still healthy and 
not seriously damaged b^^ the parasites 

3 Paiasites attached to degenerated corpuscles which, presumably, 
are degenerated because the parasite has been at woik there for a longer 
period 

4 Corpuscles deserted by the parasite but still showing evidence of 
its previous presence 

Each of these four stages will now be discussed more in detail 

THE SIGNIFICANCE OF THE PRESENCE IN THE BLOOD-SERUM OF MANY 
FREE, APPARENTLY HEALTHY, PIGMENTED PARASITES 

The fact that many of the smears which I have examined contained 
free parasites in certain definite stages of development, while parasites 
in other stages of development, in the same smear, are invariably found 
attached to corpuscles, seems to me to exclude the idea that in the technic 
of spreading the smears the parasites have been pushed away from their 
corpuscles For if the technic of spreading the smears had forced the 
parasites loose, there would be no such limitation and uniformity in the 
stages of development exemplified in the free parasites Thus in Case 1 
(Plates I, II and III, double tertian infection), there were parasites m 
five stages of development found free (Plate III) m one smear (omitting 
the parasites resulting from immediate segmentation, Plate III, Figs 
1 and 21a) But m this smear, while there were many presegmenting 
parasites seen attached to corpuscles, there were no presegmenting para 
sites found free, and only one found on a degenerated corpuscle, and as 
this corpuscle was also occupied by two young parasites (Plate , 
Fig 3), the presegmenting parasite nas probably not alone responsi e 
for the degenerated condition of the corpuscle On the other han , 
found in the same smear two presegnienting parasites attache o 
apparently healthy corpuscle (Plate II, Fig 4) 
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Again, m a smeai from Case 2 (Plates lY and Y) onl)’- presegmenting 
parasites and a few segmenting bodies were seen entirely fiee fiom the 
corpuscle, -while, on the other hand, all the half -grown parasites and all 
the small ring-forms in the same smeai were attached to corpuscles 

In Case 3 (Plate Y) parasites in seveial stages of development vere 
seen, but only those in three stages of development — namel} half-grov n, 
pre=egmenting and segmenting — -were found free from corpuscles In 
Case 4 (Plate YI) parasites in five stages of development were found 
fiee from coipuscles while parasites in other stages of deielopment were 
found attached to corpuscles 

Surely we cannot explain this uniformity in the ages of the paia^ites 
found flee in single smears as a result of the technic in spreading the 
smeai s nor can it be explained as resulting from the action of quinin 
foi quimn had not been given in these cases before the smears were 
taken What can the above facts mean except that at certain stages of 
their gro-wdh the parasites, though still health), leaie the coipusclei^ 

Dock^“ sa)s, m regard to the umfoimit)’- of the number of free para- 
sites in the blood ^'As regards numbers free pigmented bodies 

seem to lar) more in different cases, than in the same case at diffeient 
times ” 

The pigmentation of the parasites found free in the blood-serum is 
evidence of their previous attachments to, and conquests of corpuscles 
from the hemoglobin of which the pigment is derived I have often 
noticed that very )oung parasites attached to moribund corpuscles mai 
contain but a small amount of pigment Apparenth a parasite can 
de^tioy a corpuscle and )et derive but a small amount of pigment from it 
This suggests that we might form a rough estimate as to the number 
of the previous attachments of the parasite to corpuscles In noting the 
amount of pigment which the parasite contains All observers have noted 
that the larger the parasite becomes the more pigment it contains 

THE PAEASITE JUST LANDED 

Parasites in stages of development corresponding to tlio^e found free 
in the blood-serum were alwa)s found in the same smear attached to 
led corpuscles showing all the oppeaiances of health (Plate I Pig' 2 
and 3 Plate II Fig 4 Plate lY Figs 13 and 15 Plate YI Fig 4) 
The suggestion is that these paiasites have ‘"lust landed^ from then la^t 
mmiation have attached themsehes to the substance of a fresh corpuscle 
and haie not as ^et had time to do anv considerable damage there 
This obsenation of paiasites on health) corpuscles 1 = quite in accord vith 
that of Da Costa -who sats that ‘simple decoloration of the enthrocite 
appears to follow no fixed rule for segmenting bodies bat e been obsen ed 

IG Di Costa Clinical Hematology 1001, p 373 
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both in peifectly hyaline [i e, inoiibnnd] and in apparently healthy 
coipiiscles” If my h 3 'pothesis of migration is correct^, this apparent 
capriciousness is easily explained 

Anothei bit of evidence pointing in the same direction is illustrated 
in Plate II, Piguie 4, in ■which Ave see that the color-index of a corpuscle 
to 'wdiich two presegmenting paia=ites have attached themselves is prac- 
ticall‘\ the same as that of another eoipuscle to ■vi'hich a 3 '^oung, pigmented 
para'^ite has just (as I believe) attaehed itself (Plate I, Fig 3) If one 
paiasite greiv up and died on a single corpuscle, the hemoglobin of tins 
doubl 3 ^ infected red corpuscle ought to be practically gone, but, in fact, 
it shows as high a color-index as the corpuscle just captured bj' the j'^oung 
paiasite Therefore, in my belief, the coipuscle illustrated in Plate II, 
Figure 4, has ju*!! been invaded bv two old parasites which are ^^on 
the move ” 

THE PAUASITE “aVELL-SETTLED” 

In Case 1 (Plates I, II and III) Aie see (1) manj’^ healthy-lookmg, 
pigmented parasites attaehed to disintegrated coipusculai lemains These 
parasites aie in the same stages of de\mlopment as ( 2 ) other parasites 
seen free, and (3) parasites seen on healthy corpuscles in the same smear 
(In Plate I, Figure 12 , tivo joung pigmented parasites are seen on a 
disintegrated coipuscle, Avhile another parasite in the same stage of 
deA'elopment is seen to be on a healthj' corpuscle ) These facts I take to 
be evidence of the successive stages in the life historj of the parasite 
In the first (1), it is almost iead 3 to leave on its voj^age of migration, in 
the second (2), it is on the voyage, and m the thud (3), it is “just 
landed ” The exceptions to this plan of dcA’^elopment occur in instances 
of multiple infection of a corpuscle (Plate II, Figs 3 and 6 ) Wlien 
multiple infection occurs, some of the parasites may be set free while 
others have not reached the stage of development at which they would 
have been able, unaided, to destroy the coipuscle (Plate III, Fig 16) 

The djang red corpuscles to which parasites, prior to the actual 
segmenting stage, are attached, are greatly expanded, tins expansion is 
probablj’^ due to a loss of coipuscular substance with subsequent flattening 
pioduced by the pressure exerted in the technic of spreading the smear 
These degenerated corpuscles shoAv, in the majority of eases, little resem 
blance to the corpuscular remnants commonly seen in connection •wi 
segmenting parasites (Plate II, Fig 7) Asa rule they differ from t 
in staining reaction as well as in size Possibly the difference in size is 
due to the fact that when an old parasite, nearly ready ^ 

attaches itself to a fresh corpuscle and has but a short time to stay ere. 

It does not exploit and destroy the corpuscle to anything like the same 
extent that we see when a younger parasite attacks a corpuscle 
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Many of the moiibnnd corpuscles to uiiieli paiasites aie still attached 
show a peculiarly uniform shape (Plate II, Pigs 1 and 5, and Plate III, 
Fig 11) The coipuscle becomes enoimously distended and resemble^ 
a gi anular disk with a narrow ciescentic band occupjing a portion of the 
peiipheiy This ciescentic band is shottn by tine focussing to lepiesent 
a tliickening, as well as a widening, of the corpuseulai substance and 
extends about half way around the circumference of the coipuscle This 
foim of degeneiated corpuscle may be schematized thus 





Diagiam of degenerated coipuscle 

The staining reaction of these coipuscles, with Wiight’s modification 
of Leishman’s stam^ is a delicate pink color The gianulations take a 
inoie delicate stain than do Sehutfner’s dots The gianules to iihich I 
lefei appaiently do not inciease in size Mitli the size of the coipuscle oi 
Mith the age of the paiasite Mauier’^® states “Selniifiiei ’s dots giow 
Mith the enlaigement of the blood-coipuscle (i e, Mith that of the 
paiasite), not in numbei, but in bulk” 

(Oompaie, in Plate II, Figuies 1 and 5, the gianules of the degener- 
ated corpuscles, with Schutfnei’s gianulations in a red corpuscle contain- 
ing t\io teitian paiasites [Plate II, Fig 9] and note how much more 
distinct Sehufiiiei’s granules are Schuffnei’s dots aie stained pink on 
the lellow background of the red corpuscle, while the granulai degener- 
ated coipuscles aie stained pink in toto ) 

CORPUSCULAR REMAIXS DESERTED BY THE PAR VSITE 
111 smeais of malaiia we often find enormous ;nimbeis of what I 
belieie to be the lemnants of iwed-up coipuscles 'fiee from paiasite^ 
(Plate IT Figs S to 10 and Plate VTI Fig 16) I beheie that tin® 
indicates that aftei piacticalh destioiing a coipuscle the paraeite ha® 

17 Did Mannabeig’" desenbe tbi": appeal ince of the dcgoiiciated coipuscle witb 
the paiasite attached when he wiote “<niall deeply pigmented pansito= are 
«oinctnnc^ seen JMng as it Aveic in a folded ^eI] which i= formed of chrnellcd 
and completeh dccoloii/ed blood coipuscles’ ’ 

IS iranmherg Ihe ilalaiial Paiasite 1804 p 27S 

la ilauici Quoted fioni Lofiler (iiinlarii) in ^lodern Cliiutil Xldlitiiie 
1010 
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Plate I — ^Migiation of malarial paiasites 

Case I — Teitian malaria (double infection) While I have eMdence of migia 
tion in the quaiian and estivo-autuinnal infections as iiell as in teitian infec 
tioiis, I have confined my illustrations foi this papei to the teitian paiasite 
Figuies from 1 to 6 and from 8 to 12, magnification is X 1850 figuie 7, mag- 
nification X IGOO Stained by Wiight’s modification of Leishman s stain 

Figuie 1 — A young teitian parasite, pigmented, fiee in the blood seium show 
ing the thiead-like appendage of cell-piotoplasm which the paiasite seems to 
lequiie foi attachment to the suifacs of the led coipuscle Ihe pigmentation of 
this joung paiasite pioves that it has pieiiously invaded a led coipuscle (ncc 
P late VII, Fig 2) 

Figuie 2 — A toung teitian parasite attaching itself to a fiesh (unblanched) 
led coipuscle This paiasite is pigmented and its thiead-like piocesses can be 
seen fastened onto the coipuscle, one pioeess along the edge of the coipuscle, tlie 
othei on its suiface between the coipuscle and the glass slide beneath The good 
condition of the coipuscle indicates that the parasite is coming lathei than going 
(see Plate VII, Fig 3) 

Figuie 3 — A joung pigmented teitian paiasite, which has reeenth attached 
itself to the suiface of an appaiently healthy coipuscle (by caieful focns'^ing 
the thiead-hke processes of cell-piotoplasm could be seen on the surface of the 
coipuscle) Same points piovea as in Figiiies 1 and 2, but at a moie adianced 
stage of the paiasite’s attachment (see Plate VII, Fig 4) 

Figuie 4 — A gioup of young tertian paiasites, lesulting from a paiasite 
segmenting fiee in the blood-serum Note that these parasites aie much smallei 
than the invading parasites showm in Figuies 1, 2 and 3, and that they aie not 
pigmented (the black dots aie nuclei and not pigment) These paiasites ha\e 
not as vet staited on then independent evistence 

Figuies 5 to 12 — Destuictioii of coipuscles by paiasites in laijing stages of 
development 

Figuies 5 G and 7 — ^Young paiasitis which have almost completelj destioied 
the coipuscles to which they aie attached In Figuies 5 and 7, the coipu'-cuHr 
lemaiiis (a) can he easilj'' seen In Figuie 6, these remains aie lc«s clearh ^een 
as a dim iing at a and the paiasite seems to be attaching itself to a fresh coi 
piisele b\ means of the piocesses of cell-piotoplasm If these parasites aie not 
to peiish they must niigiate Note how enoimou«h the led coipuscle is dis- 
tended in Figuie 7 This coipuscle is occupied bv two loiing paiasites In this 
gioup Figiiie 5 coiiesponds to Plate VII, Figuie 12 

Figuies 8 and 9 — Two teitian paiasite= whose stages of deielopment ire 
nioie adianeed than those of the paiasites «een in Figuie-? 1 to 7 The coi 
pusculai lemnants in connection with these paiasites can be seen at o if the 
pictuies are caiefnllj examined 

Figuie 10 — A laige teitian paiasite which has destl 0 ^ed the coipii-cle to 
which it IS attached until nothing but the coipuscular shell remain'- liii- pari- 
<=110 is piobabh about to migrate Note the laige =!7e of the degenerated cor 
piiscle 

Fignie 11— A parasite still attached to the coipu«eulai lemiiant which can 
be seen at a 

Figure 12 — Tiiiee parasites in the came stage of deielopment one attached 
to an a(ip.aicnth healtln coipuscle (which it has prohibh just iin.ided) while 
the other two still leniain with the fainth staining dcgeneritcd corj)U=cii]ar rem- 
nants seen at a 
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Plate 11 — Case 1 (continued) Figme 11, fiom a case of estivo autumnal 
infection, X 20(10 Figures 1 to 10, magnification X 1850 

Figuie 1 — Two teitian parasites (multiple infection) of diffeient ages (o and 
00 ) attached to a degeneiated coipusculai lemnant (b) Ihe gianulai stiuctuie 
of the degeneiated coipuscle is cleaily shown Note the appeal ance of a double 
bolder at c At a is seen the remains of a slightly enlaiged coipuscle showing 
stiucture similai to b, but not neaily so much expanded, and containing no 
pai asite 

Figuie 2 — A fiee teitian paiasite llie coipusculai leinnant at a has perhaps 
lUst been abandoned by the paiasite, as the paiasite is in close piOMinity to it 
This pai asite is in the same stage of development as the pai asite oo in Fig 1 

Figure 3 — Two small paiasites and a piesegmenting oiganisin on a coipuscle 
which shows degeneiative changes similar to those seen in Fig 1 (see Plate VII, 
Figuie 10) 

Figuie 4 — Two piesegmenting paiasites on an appaiently healthy coipuscle 
I believe these paiasites have but recently attached themselves to the coipuscle, 
because the hemoglobin has not been bleached out 

Figuie 5 — Another instance of coipusculai destiuction by an adult paiasite 
(not niatuie) The paiasite shows delicate filaments of cell piotoplasm nluch 
go ovei the penpheiy of the coipuscle and embiace it The coipuscle is seen to 
be in the same stage of destiuction as is the one in Fig 1 (see Plate VII, 
Figure 11) 

Figuie G — ^Multiple infection of a degenerated corpuscle by young paiasites 
Additional evidence of the destruction of coipuscles by paiasites which ha^e not 
jet leached matuiition In wet pi eparations, might not parasites siniilaily set 
free fiom the coipuscle, give the appeal ance of fiagnientation*' 

Figme 7 — A segmenting body Note the small si/e of the corpuscle to which 
the paiasite is attached, as coinpaied wnth the expanded coipuscles in Figuie^; 
1 and 2 Note also the absence of granulation in the coipuscle This figure lep 
lesents w’hat is cuirently supposed to be the only wa^ in which coipuscles aie 
desti 01 ed i e , by the ripening of the pai asite 

Figuies 8 (Plate ^T:!, Figuie 16) 9 and 10 —Parasite fiee coipusculai lein 
Hants, lesulting fiom the desti iietiie action of the teitian paiasites Note the 
‘’iniilai structure in all these coipuscular remnants 

Figme 11 — Corpusculai lemnant from a case of estno autumnal infection 
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Plate Ilf — Case 1, continued, Figuies 1 to 20 and 28, magnification X 1850 
Figme 27 X 1600 

Figiiie 1 — A young paiasite, the pioduct of a lecent segmentation This 
paiasite is not pigmented and has not yet attaclied itself to a coipuscle 

Figuie 2 — flee paiasite, slight!}' smallei than Figuie 1, but containing 
fine pigment gianules (to the light), showing it has had a pi e\ ions attachment 
to a coipuscle 

Figuies 3 to 10 — Flee paiasites in vaiying stages of development 

Figme 11 — ^Two paiasites fiee m the blood seium At a can be seen a small 
paiasite without any pigment in its piotoplasm 

Figuies 12 to 15 — Paiasites fiee m the blood seiuin Figme 14 shons a 
delicate filament aiising fiom the cell piotoplasm of the paiasite 

Figme 16 — Two fiee paiasites At a can be seen a small pansite nliicii nas 
set fiee befoie it had time to seciete pigment 

Figuies 17 to 20 — Parasites fiee in the blood seium 

Figme 21 — Heie, foi the pm pose of comparison, aie placed side bv side 
paiasites (in the uppei section, a) which aie the lesult of a leeent segmentation 
and whose piotoplasm contains no pigment (the pigment set loose bv the pioccss 
of segmentation can be seen in the foim of black dots at the uppei part of the 
pictuie), and (in the lowei section, b), jiaiasites set fiee bi the destiuctioii of 
the coipuscle mIucIi they had occupied Note that the piotoplasm of this set 
of flee paiasites contains fine pigment gianules 

Figuies 22 to 25 — Adult paiasites fiee in the blood plasma 

Figmes 26 and 28 —Attached and unattached paiasites aic seen side b\ side 

Figme 27 — A nucleated led coipuscle (noimoblast) and i coipuscle infected 
bi two paiasites This figuie is sliown to gne an idei of the seieriti of the 
anemia pieseni at the time the smeai nas taken which contained the fiee and 
neaih fiee paiasites pictuied in Case 1 
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Plate TV — Case 2 Teitian malana Magnification X 1850 Gieni^.i stain 
11ns plate is designed to show segmenting and piesegmenting bodies (i) mi 
health'^ (iccently invaded) eoipuseles, (b) on anemic coipascles, and (c) fiin in 
the blood plasma All these figiiies weie pliotogiaphed fiom a single snieai It 
paiasites alwaj's matuied within a single coipiiscle, these thiee sets of phenonn in 
could not occui in the same smeai 

Figuies 1 and 2 — Segmenting bodies with the eoipuseles almost desliond 
Ihe piotoplasm of the paiasites has foinied itself into segments In higiin 2 
note the gianulai and evpanded appearance of the infected coipuscle Ihis c ni 
dition IS lare in eoipuseles infected bj' segmenting paiasites and lesembles clo'-eh 
the appeaiance of the coipusculai lemnants with paiasites attached as seen in 
Figuies 1 and 5, Plate II 

Figuie 3 — A piesegmenting paiasite (wheiein the piotoplasm has not foimeii 
itself into distinct segments) attached to a degeneiated coipuscle This pai isite 
shows a stage of development similai to the paiasites fiee fiom coipusc’es in 
Figuies 4 to 12 It has piobably neaily i cached the stage of migiation (see Plate 
Vll, Figuie 5) 

Figuies 4 to 12 — Piesegmenting paiasites fiee in the blood «cium (Figuio 
5 coiiespoiids to Plate Vll, Figuie G ) 

Figuies 13 (Plate VII, Figure 7) and 15— Paiasites in the piesegmenting 
stage attached to appaiently healthy eoipuseles The paiasite-i ha\e jnobabh 
just attached themselves to the eoipuseles and have not had time to do much 
damage 

Figuie 14 — The piotoplasm of the segmenting bodv has foiined itself into 
distinct segments while yet the coipuscle to which it is attached is still faiiK 
healthy 
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Plate V — Figuies 16 to 21, continuation of Case 2 (Giemsa stain) Magnifica- 
tion X1850 Case 3, Figures 1 to 8, magnification X 1850 (Wright’s modification 
of Leisliman’s stain) 

Figuie 16 — A coipuscle infected by a presegmenting parasite (below) and a 
lialf-giown paiasite (above) Ihis coipuscle show's SchufTiiei’s gianulations 
(Plate VII, Figure 9) 

Figuie 17 — A corpuscle infected by a segmenting body (below) and a half- 
giown paiasite (above) This corpuscle also shows Schiiffiier’s granulation 

Figuie IS — A scgnientiiig paiasite The corpuscle is almost destrojed 

Figure 19 — A piesegmenting paiasite, 25 “spoies” (aboie) and a small 
unpigniented parasite (in the lowei poition of the coipuscle) on a faiily healthj 
coipuscle (Plate VII, Figuie 8) 

Figure 20 — Two parasites fiee fiom the coipuscle, a segmenting body at a 
and at b, a pieseginenting paiasite A careful e\amiiiation of the pictuie will 
show, betw'cen the allows, the division between the paiasites In the poition on 
the left the segments are completed, the right portion shows the piotoplasm of 
the paiasite has not -^et foimed itself into segments The paiasites are so 
gioupod as to closely resemble one large segmenting parasite (a lesiilt of the 
multiple infection of a single coipuscle by parasites of vaiying ages) 

Figuie 21 — Young paiasites free in the blood-serum These paiasites contain 
no piginent and aic the result of a iccent segmentation Ihe black dots aie 
nuclei 

Figuie 1 — An adult paiasite fiee fiom a coipuscle 

Figuie 2 — Hiree adult paiasites fiee fiom the corpii'scle Then respectiie 
nuclei can he seen at a, c, and o A careful examination of the picture will show 
white lines of dnision between the para'^ites (the re'^ult of a tuple infection of a 
single coipuscle) 

Figuies 3 to 7 — Piesegmenting paiasites free from corpuscles Figure 3, 
shows two paiasites Figure 7 also shows two parasites, one partly overhing the 
other the o\erlMng jiortion can be traced between the ariows At a curled up 
filaments of paiasitic cell-protoplasm can be scon 

Fignio 8 — A segmenting bod^ free fiom the corpuscle 
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Plate VI — Case 4 Tertian malaria Magnification X 1850 Wright’s modi- 
fication of Leishman’s stain 

Figure 1 — A free parasite showing considerable pigmentation on the left 
especially (Plate VII, Figure 13) 

Figure 2 — A free pigmented parasite just attaching itself to a fiesh cor 
puscle by means of its delicate filaments of cell-piotoplasm (one of these filaments 
contains two granules of pigment) The pigmentation of the paiasite is ciidence 
of a pievious attachment (Plate VII, Figure 14) 

Figuie 3 — A free pigmented parasite with filaments aiising from the cell 
protoplasm, in nhich filaments can be seen granules of pigment Note the lesem 
blance of this parasite to many of the so-called flagellating bodies seen m \\et 
preparations The pigmentation of the paiasite is evidence of previous attach 
ments (Plate VII, Figure 15) 

Figuie 4 — Two half-grown parasites on a healthy corpuscle Tlie nuclei of 
the paiasites in their achiomatic (nhite) zones can be seen at opposite poles and 
are indicated by arrows 

Figuie 5 — An adult parasite on a degenerated coi puscle, fainth indicated 
below and to the left of the paiasite This parasite must migrate soon or die 

Figures G to 8 — Parasites in the same stages of development as the one seen 
in Fig 5, but entirely fiee from their corpuscles 

Figuie 9 — Tno fiee parasites, one partly oierlying the other (result of mul- 
tiple infection) The respective nuclei of the parasites can be seen at o and at c 
Whore the one paiasite oveilies the othei can be seen between the arrows 

Figuie 10 — A pieseginenting paiasite with the corpuscular remains ver\ 
faintly seen above and to the right of the parasite 

Figures 11 to 15 — Piesegnienting parasites free from corpuscles Figure 14 
shows two piesegmenting parasites close together suggesting prcMOUs attachments 
to the same corpuscle 

Figuies IG and 17 — Prcsegmeiiting para«ites on somewhat degenerated cor 
pu'sclos, note how much less degeneiated these corpuscles are as compared with 
the corpuscle in Figure 5, to which is attached a younger parasite 

Figure 18 — A segmenting bod^ free fioin a corpuscle 



440 TEE ARCHIVES OF lETEREAL MEDIGIRE 

moved on to another coipu&cle, leaving the corpuscular remnants free 
in the hlood-seium In cases of rich malarial infections^ in which the 
hlood contains many parasites, certain of the smears taken during the 
developmental cycle will be found to contain numerous examples of these 
injured corpuscles Di Andrew Balfoui refers, with illustration, to these 
remnants as ‘^fragile red cells assuming half-moon and othei peculiar 
shapes ” He states that he has seen them in chrome malaria f These 
remnants are moie easilj^ recognized if the smear is so stained that the 
eosin tinge predominates (It is in such smears that Schuffnei’s dots aie 
also well shown ) 

In some cases of estivo-autumnal infections I have seen these corpus- 
culai remnants enormously expanded, 30 to 35 micions in diameter 

As already suggested, the majorit}'- of these “corpses” are irregularly 
ring-shaped, one portion of the iing being widei than the rest so that 
its general appearance is that of a crescent moon with the ends bent 
together One of the marks by which we may recognize these defunct 
corpuscles is in their tinctorial character With Wiight’s modification of 
Leishman’s stain they take a delicate pink hue, similar to that of the 
corpusculai remnants to which parasites are still attached (Plate TII, 
Fig 16) 

Occasionally a rare corpuscular shell, resembling these corpusculai 
remnants seen in malarial blood, is found in blood which does not con- 
tain malarial parasites , but never in such numbers as are seen in malarial 
blood Whether these remnants seen in non-malaiial blood aie remnants 
remaining from a long-past malarial infection or from some other cause, 

I am unable to state , but I do know that they may persist in the blood 
long after the parasites have disappeared from the peripheral circulation 

ATTACHING-FILAMENTS ARISING FROM THE PROTOPLASM OF THE 

MALARIAL PARASITE 

It may be well to call attention at this point to observations illustrat- 
ing the way in which a parasite may attach itself to a corpuscle My 
pictures show, I believe, that certain parasites have thrown out piolonga 
tions of cell-protoplasm for the purpose of attaching themselves to 
corpuscle (Plate I, Pigs 3, 3, 6, Plate AH, Pig 3, and Plate AHI, Pigs 
3 and 4) I belieie that these processes, which are thrown out or diawn 

Y Balfour, A Fallacies and Puzzles in Blood Examination, Fourth R p 
(Vol a) Wellcome Tropical Research Laboratories, 1911, p 
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Plate VII — With the e\ception of Figure 1, these pictures are photographic 
duplicates of figures seen in the uncolored pictures These pictures were printed 
faintly on platinum paper and then coloied 

Figure 1 (corresponding to Figure 1, Plate III) — A free, unpigmented parasite 
resulting from a recent segmentation The absence of pigment suggests that 
the parasite has not yet attached itself to a corpuscle 

Figure 2 (corresponding to Figure 1, Plate I) — A young pigmented parasite, 
free in the blood-serum, the pigmentation being e\ idence of a pre^ lous attachment 
to, and conquest of, a corpuscle 

Figure 3 (coriesponding to Figure 2, Plate I) — A young pigmented parasite 
just attaching itself to a corpuscle The unblanched condition of the corpuscle 
seems to prove that the parasite must have derived its pigment from a preiious 
attachment to another corpuscle 

Figure 4 (corresponding to Figure 3, Plate I) — A young pigmented parasite 
attached to a corpuscle by threads of protoplasm The pigment in the parasite 
uas probably derived from another corpuscle 

Figure 5 (corresponding to Figure 3, Plate IV) — A presegmenting parasite 
attached to a corpuscle which is almost destroyed This parasite is probably 
preparing to migiate 

Figuie 0 (corresponding to Figure 5, Plate IV) — A presegmenting parasite 
free in the blood-serum This parasite is probably in the act of migrating 

Figure 7 (corresponding to Figure 13, Plate PV) — A presegmenting parasite 
on a healthy-appearing (unblanched) corpuscle This parasite has probably just 
landed from its last migration and has not had time to seriously damage the 
coipuscle 

Figure 8 (corresponding to Figuie 19, Plate V) — A presegmenting parasite 
and a small unpigmented parasite on a fairly healthy corpuscle Tliese parasites 
have probably occupied the corpuscle but a short time 

Figure 9 (corresponding to Figure 1C, Plate V) — ^A double infection of a cor- 
puscle by a piosegmenting body and a half-grovTi parasite The corpuscle slious 
Schuffner’s granulations All the half-gronn parasites in this case were attached 
to corpuscles 

Figure 10 (coi responding to Figure 3, Plate II) — A presegmenting parasite 
and ti\o "^oung paiasites on a corpuscle Avliich shovs degeneratne changes similar 
to those seen in the corpuscles in Figuies 11 and 12 All other presegmenting 
parasites in this case vere attached to healthy-appearing corpuscles 

Figure 11 (corresponding to Figure 5, Plate II) — A healthy-appearing pig- 
mented parasite attached to a degenerated corpuscle From the arrangement of 
the filaments, the parasite can be seen to be on the surface of the corpuscle This 
parasite must migrate if it requires further nourishment 

Figure 12 (coriesponding to Figure 5, Plate I) — Shouing evtensne destruc- 
tion of a corpuscle by a parasite voting in its deielopment This parasite must 
also migrate or perish for vant of food 

Pigure 13 (corresponding to Figure 1 Plate VI) — A young parasite contain 
mg a large amount of pigment The pigmentation suggests that this para=ite 
must ha\e been attached to a corpuscle 

Figure 14 (corresponding to Figure 2, Plate "SI) — A parasite, pmniented, 
and free in the blood plasma It can be seen to ha-ve delicate filaments uhich 
appirenth are just fastening onto a fresh corpuscle The pigmentation is cm- 
dence of a prcMOiis attachment 

Fmure la (corresponding to Figure 3 Plate VI) — A free, pigmente<l parasite 
The processes of cell protoplasm contain granules of pigment Jins parasite ha= 
domed its pigment from an attachment to a corpuscle 

Figure IG (corresponding to Figure S Plate II) — A par'’=itc free corpuscular 
remnant found in a tertian infection 
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in at Will, are used for the purpose of capturing as well as for securing 
attachment to their prey 

In some instances (Plate II, Pig 5, and Plate YII, Pig 11)^ these 
protoplasmic processes can be seen to extend beyond tlie periphery of the 
corpuscle, so that the parasite seems to embrace the corpuscle This 
illustration clearly shows that the parasite is on the surface of the cor- 
puscle and not within its substance 

I have seen several instances in which a parasite seemed to be attach- 
ing itself to a fresh corpuscle before it had altogether abandoned the mori- 
bund one (Plate I, Pig 6) DoclP^ has observed that “even before the 
final disappearance of the corpuscle a filament may form on the 
plasmodium ” 

These filaments, or prolongations, which may or may not contain 
pigment, always arise from the protoplasm of the parasite, never from the 
nuclear material A parasite with these prolongations of cell-proto- 
plasm, if seen free from a corpuscle in the blood-serum (Plate V, Pig 3, 
and Plate VII, Pig 14), may closely resemble some of tlie so-called 
“fiagellating bodies” seen m moist-chamber preparations 

Undoubtedly many of the so-called “flagellating bodies” seen m fresh 
blood preparations are parasites armed with protoplasmic processes for 
securing attachment to a corpuscle True flagella (fertilizmg elements) 
never arise from the protoplasm of the parasite, but are always derived 
from the chromatin-substance of the malarial parasite and from the 
chromatin-substance alone This is true m all malarial infections, tertian 
and quartan, as well as in estivo-autumnal infections 

The protoplasmic processes of the malarial parasites, in the majority 
of cases, contam pigment granules, while it is extremely rare to find any 


20 Investigations carried on by Lfeger^ and others have demonstrated that 
the supposed ameboid processes of certain protozoa, the schizogreganniE, serve 
more as attaching organs and for the purpose of absorbing food than for the pur- 
pose of locomotion 

Calkins’’^ states that "The spores of the myxosporidia are provided with 
'anchoring threads’ for the purpose of attaching themselves externally to certmn 
cells ” And it is well known that many ameba use protoplasmic processes for 
the purpose of capturing their prey 

21 LSger Quoted from Calkins, Protozoology, 1909, p 57 

22 Calkins The Protozoa, 1907 

23 One of the arguments urged by Marchiafava and Cellr' in favor of the intra- 

cellular theory of the malarial parasite is that the pseudopo la o ^ 
never extended beyond the limits of the red corpuscle, wiic fnin the 

were the parasite merely attached to it, hence the parasi e mus e wi 

substance of the red corpuscle Pnm- 

' 24 Marchiafava and Celli Quoted from Marchiafava and Bignami 

sites of Malarial Fevers, 1894, p 188 j 

25 In a previous research, published in the Jour Exper i ^ 

have recorded the occurence of a sexual cycle in the , f tertian 

estivo autumnal infections Studies on the sexual cycles of parasites of tertian 

and quartan infections are now in preparation for pu ica i 
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trace of pigment outside the body of the parasite in connection nith true 
flagella (microgametes) Tins conclusion was reached aftei the stud-\ 
of over 200 flagellating parasites (mierogametocjtes) found in stnined 
specimens of newly draim and immediate!}* dried blood of tlie several 
malarial infections 

MUMIPLE IRFEGTION IN RELATION TO MIGRATION 

Multiple infection of a red coipuscle by tv’o oi more parasites is not 
uncommon If they do not all grow up on one corpuscle, vhat become'^ 
of them^ One of the theories advanced as to the ultimate fate of the 
young parasites of a double infection is the so-called intracorpuscular 
conjugation Ewing=“ in discussing this question mentions seeing a 
specimen of blood from a tertian infection “m which there were ven 
numeious twin parasites of a }ounger brood while all the older parasites 
weie single ” He explains the disappearance of the ^'twins’’ and the 
appeal ance of the “older single parasites” by the theory of conjugation 
This hypothesis is supported by Craig-’’ and "Wright,-® but has not, I 
believe, been confirmed by subsequent observers, and it seems to me that 
the migration of the paiasites to other corpuscles is a more probable 
explanation, for the conjugation theory would not account for the final 
disposition of “triplets” (Plate V, Fig 2), or that of parasites of varjing 
ages occupjing one corpuscle (Plate II, Figs 1 and 3, Plate "V", Figs 16, 
17, 19, 20, and Plate VII, Figs 8, 9, 10) 

The occurrence of multiple infection by joung parasites might be 
explained by the following supposition 

'WHien a parasite segments, leaving the young “spores” giouped 
together but free to attach themselves to corpuscles (Plate I. Fig 4, 
Plate III, Fig 21a, Plate V, Fig 21), it is not surprising that tvo or 
more of these youngsters should try for and capture the same corpuscle 
Later in their life-histor}% during migrations, when the para':ite= are more 
equally distributed, the chances aie fewer that moie than one parasite 
V ill infect a single corpuscle 

Various problems are suggested by this stud} 

1 One might measure as accurateh as pos-ible the havoc produced 
b} each parasite (i e, the number of corpuscles destTO}e<l 1)% each 
iinadei) during its life c}cle, if one studied =mears taken at frequent 
inter! als during the developmental cAcle of the parasite I am nov at 
voik on this problem and =]iall publisli nn finding= later 

2 What becomes of the coipuscular remnant=? I do noi LcLc’. e that 

2(i Lwiiie Chnicnl P-idiolofrA*, m03 p 

27 Cr >iir Upon M il ina Irfrciions v' ^ 1*1 r? r/ { 

PM.ppino — Intnco-pi! calir Cc’ijucitcn r'ihpp'"f’ Toi.r 

. *2 ' 

2^ Vi'rigi t • f’-o'n r->li r= P'l'i p 2-7 
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they can be wholly eliminated by the phagocytes In successive attacks 
of malaria without adequate treatment, might not these remnants accu- 
mulate and create serious disturbances in the system of the patient^ 

CONCLUSIONS 

The grave and lapid anemia occurring in some malarial infections 
can easily be explained as due to the migiation of parasites of all ages 
from corpuscle to corpuscle The evidence presented in this paper would 
seem to 3 ustif 3 '' this belief The most important fact supporting it is 
the frequent findmg of parasites m similar stages of development, (1) 
free, with varying amounts of jngment included in their substance, 
(3) on healthy coipuscles (coipuscles showing abundant hemoglobin and 
no evidence of degeneration) , (3) on corpuscles which show conclusive 
evidence of degeneration 

The fact that parasites in each and every stage of development may 
be seen on healthy corpuscles would seem to be conclusive evidence of 
migration For a parasite could not receive nourishment and secrete 
pigment (if that pigment be derived from the red coipuscle) and com- 
plete its life cycle on a single corpuscle without that corpuscle showmg 
conclusive evidence of degeneration 

The fact that young parasites axe seen on corpuscles with an almost 
complete loss of hemoglobin (Plate I, Figs 5 and 7), would seem to 
indicate that the parasite must migrate or peiish for lack of food 

Still another support for my hypothesis is found in cases of multiple 
infection, in which three or four young parasites (sometimes six or seven) 
are attached to a corpuscle We can hardly exiiect that all these young- 
sters can grow up on a single corpuscle, and if they aie not to perish, they 
must migrate 

I wish to express my warm appreciation of the advice and assistance 
me during the prosecution of this study by Dr William T Councilman an r 
Eiehard C Cabot of Harvard University, and to expiess my indebtedness to ^r 
Daniel Sullivan of New London, Conn, for mateiial, and to Di Stuart J nawson 
of New London, Conn , foi the photographs 



THE GLYCYLTByPTOPHAE" AND TRYPTOPHAN TESTS 
EOR CANCER OP THE STOMACH 

CHARLES H SA^TFORD, M D , and JACOB ROSENBLOOSI, :M D 

NEW YORK 

Muller’s woilP suggested that malignant tumois contain one or nioie 
pioteolytic enz3unes Emerson,- Fischei^ and man}’- others have shoun 
that such IS the case Recentl}’- Neubauei and Fischer^ and Ahderhalden 
and his associates® ha^e found that malignant giowths contain an enzinie 
capable of splitting ceitain pol3'pept]ds into amino-acids Neubauei and 
Fischei^ have introduced, on this basis, the so-called '^gl3'C3'lti3^tophan 
test” for caieinoma of the stomach 

L3’le and Kobei® legarded the gl3C3ltr3ptophan test as a vei}’- good 
one, espeeiall}’’ if more than two tests on ever}’- case are cairied out 
Weinstein^ has shown that the use of gl3’C3dtr3ptophan is unnecessar} foi 
the detection of a tr3’ptophan-producing enz3niie in gastric contents, since 
gastric contents alwa3S contain proteoses and peptones that are easiN 
conveitible b}' cancer enzyme into their h3drolytic products, among which 
ti3ptophan would be included Theiefore it is unnecessary to add a 

*riom the Laboratory of Biological Clicinistry of Columbia University, at the 
College of Plnsicians and Surgeons and the Wards and Chemical Laboratory of 
the German Hospital 

*Shorth aflei the appeal ance of Dr Weinstein’s first paper in this connection 
(See Xote 7), Dr Sanfoid, voiking at the German Hospital, made seicral tests 
vitli gh cyltr^ ptophan and vitli stomach contents direct, vith results that did 
not agree Aiitli Dr Weinstein’s main conclusions At that time I -was an a=so 
tiate in this laboratory on the Crocker Foundation and also, bv courtesy of the 
committee in chaige of the Ciocker Special Research Fund, pathological chemist 
at the German Hospital When Professor Gies vas informed that Dr Sanlord’s 
tests did not agree vitli Dr Weinstein’s findings Professor Gics encouraged us 
to proceed vitli and to extend, the work on the ground that the vhole truth in 
am matter is a prime object of scientific endea^or We continued, vith this 
encouragement at the German Hospital and in this laborator\, and ha\c obtained 
the results here recorded Professor Gies proiided gljcjltTiptophan from the 
supph vith vhich he furthered Dr Weinstein’s vork and vhich vas obtained 
under the auspices of the George Crocker Special Research Fund Jacob Rosnn- 
blooiii Biochemical Laboratory, College of Physicians and Surgeons 

1 Muller Ztscbr f klin :Mcd ISSO \xi, 100 

2 Emerson Dcutsch Arch f klin ^fed 10(12 Kxii 111 

0 I ischer Deutsch Arch f klin Med lOOS xcin oo 

1 Xfubauer and Pischer Dcutsch Arch f 1 lin Med lOQO, xciii, -lOO 

r> Abderhaldcn and Rona Ztschr f phasjol Chem lOQO, K ill Abdrr- 
halden Koclker and Medigreecanu Ztschr f ph^-lol Chem lo{>a jjf, 

Abdorhalden Zt'-ebr f ph\siol Clem l^OO bn 100 

(i lalo and Kciber Xov York Med ,Toim 10]0 \ei 1111 

7. Wv'ii'-toin ,Tonr Am Med Assn lolO 1\ lOv , 
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dipeptid as a means for the detection of the cancer enzj^me Weinstein 
tests for tryptophan in the stomach contents, directly and after incubation 
Hall and Williamson® have lately asserted that tryptophan does not 
appear m stomach contents with Ewald test-meals either before or after 
incubation It does occur before and after incubation when a meat test- 
meal IS given, but does not show any relation to carcinoma They con- 
clude that the tryptophan test is valueless if the polypeptid is not added 
to the gastric contents 

Kuttner and Pulvermacher® have advocated the use of Seidenpeptone 
and have shown that comparative tests with glycyltryptophan paralleled 
each other accurately The tyrosin formed by the cancer enzyme from 
Seidenpeptone is recognized microscopically 

Other studies with the glycyltryptophan test have been carried out 
by Ley,^° Pechstein,^^ Ehrenberg,^- Oppenheimer,^® Kohlenberger Fur- 
ther studies have been conducted by Heubauer and Fischer,^® who found 
that 84 per cent of gastiic cancer cases verified by autopsy gave positive 
reactions with the glycyltryptophan test, also that 75 per cent of the 
clinical cases of gastric cancer, as well as 15 per cent of stomach con- 
ditions that were not cancerous, gave the test 

One of the most striking things about the glycyltryptophan test has 
been the wide difference of opmion regarding its value Some pronounce 
it very good, others maintain that it is valueless and that glycyltiyp- 
tophan in stomach contents yields tryptophan in a large number of cases 
in which no cancer exists The wide divergence of opinion may now be 
explained on the basis of Warfield’s^® findings, who has shown that the 
saliva of several persons, when not materially acid (to litmus) to begin 
with has the power of decomposing glycyltryptophan into its constituent 
amino-acids Warfield’s results make it evident that swallowed neutral 
or alkaline saliva (to litmus), when mixed with neutral or faintly acid 
gastric contents, imparts to the latter the power of producing tryptophan 
from glycyltryptophan, thus rendermg the glycyltryptophan test of doubt 
fill value m any instance, if not wholly vitiating it 

Weinstem^'^ has verified Warfield’s findings and concludes a 
although Warfield’s results discredit the glycyltryptophan test, they do 
not depreciate the value of the ^Tryptophan” test, because the sa ivary 


8 Hall and Williamson Lancet, London, 1911, cl^xxi, 731, dour Path and 

Bactenol , 1910, xv, 352 ^ , 2057 

9 Kuttner and Pulvermacher Berl klin Wclmschr , , - 

10 Ley Berl Idin Wchnschr , 1911, xlviii, 11 

11 Pechstein Berl klin Wchnschr, 1911, 

12 Ehienherg Berl klin Wchnschr , 1911, 

13 Oppenheimer Deutsch Archiv f i ’ {45 

14 Kohlenberger Deutsch Arch f ’ -loii ivni 074 

15 Neuhauer and Pischer Munchen med Wchnschr , , j 

10 Warfield Bull Johns Hopkins Hosp , 1911 , 

17 Weinstein Jour Am Med Assn, 1911, ivu, 14 
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peptidase does not produce tryptophan from the proteins in non-canceious 
gastric contents. 

Our results with the glycyltryptophan and tryptophan tests are pre- 
sented below 

The tests were cairied out as follows One to two hours after the 
Ewald test-meal or a full meal, the stomach contents were withdrawn by 
siphonage Undue manipulation of the tube was avoided, for intragastric 
movement may lead to the leflex regurgitation of duodenal liquid The 
stomach contents weie filtered and tested for blood, bile and tryptophan 
Ore part of the filtrate was added to a solution of glycyltryptophan and 
incubated for twelve, twenty-four or forty-eight hours at from 38 to 40 C 
Another poition of the filtrate was incubated directly Some of the 
glycyltryptophan solution used for the test was also incubated, and thus 
seived as a control for free tiyptophan in the glycyltryptophan solution 
used for the test Each portion of the incubated solutions was finally 
acidified with acetic acid (3 per cent ) and then bromin water was added 
drop by drop In the presence of free tryptophan, a lilac color develops 
when a sufficient amount of bromin water is added The color disappears 
in a pronounced yellow when the bromin is present in excess, whereas in 
the absence of free tryptophan, the fluid acquires a pale yellow tint 

Table 1 contains the results of eighty tests carried out on thirty-eight 
patients “ We carried out at least two tests in each case, after an Ewald 
test-meal and a full meal, respectively 

Table 2 summarizes the results that we have obtained with the trypto- 
phan and glycyltryptophan tests 


9 

5 

20 


Table 2 — Summary of Results Obtained With Tryptophan and Glycyl- 
tryptophan Tests 

Positive ^Negative- 

Glycyl- Tryp- Glycyl- Tryp 
tryptophan tophan tryptophan tophan 
Cancer of the stomach, verified by opera- 
tion or post mortem 2 2 9 

Cancer of the stomach, clinical diagnosis* — — ® 

Other diseases than cancer of the stomach 2 2 

*Case 17, ■which clinically suggested carcinoma of the stomach, gave negative 
tests and operation showed an old ulcer with constriction of the py orus 

Dr Weinstein has reported a few results which led him to conclude 
that the peptidolytic enzyme in saliva is unable to produce tryptop an 

18 The incubated material should be filtered before 
especially when a small amount of tryptophan has een pr filtered the 

found that the unfiltered material may react t_g ^iso empha- 

filtrate gives a faint reaction for tryptophan Dr Weinstein has also empaa 

“'“V We have aever obta.ned a reachon tor 

of any of this series of cases immediately after the conten > 

before incubation 
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from "Witle peptone, e^en after se^en da} s’ incubation in the presence 
of toluol 

We have found, on the contrary, that the salivary peptidase ma} 
produce tr}ptophan from Witte ‘^peptone” and also from casein We have 
also obsei\ed that this enzyme was absent from some specimens of sain a 
which weie not acid to litmus to begin with From these obseivations 
it is hard to believe that the piesenee of peptidase in swallowed saliva 
vitiates the glycyltryptophan test without affecting the validit}’’ of the 
tryptophan test One would think that both tests are thus rendered 
unreliable, for proteoses and peptone are naturally piesent m the stomach 
contents after all test-meals We have also found that stomach contents 
from three individuals (two of them children), m whose cases there vas 
no doubt that the stomachs were entirely free from carcinoma, contained 
tr}'ptophan after incubation with saliva The positive reactions could not 
be obtained in these cases, unless the gastiic contents were made neutral 
to litmus before the addition of the saliva, a result which ma} be explained 
by the faet that acidity prevents the salivary enzyme from acting In two 
other specimens of normal stomach contents, ti}ptophan was not pro- 
duced when the tests were earned out in the same wvay as for those cases 
in which we obtained a positive reaction 

Dr Weinstein states, in a footnote in his last paper, that ^TDr Gies, 
although suggesting the probability of ereptic and tr}'pt]c excretion b} 
the salivary glands, thinks it possible also that the tr}'ptophan-producing 
enzyme in mixed saliva is derived m part from bactoiia in the mouth, 
especially from cavities in carious teeth He has planned to mve'^tigate 
these possibilities” The variability of the results to which w’e refer in 
the preceding paragraph accords with this view of the situation 

We agree with Dr Weinstein that the use of gl}C'\ltr}ptophan i= 
unnece'^sary for the detection of tr}ptophan-producing peptidase in ga=tric 
contents, but our findings do not permit us to believe that the trvptophan 
tost IS a reliable one for gastric carcinoma 



ARTIFICIAL PNEUMOTHORAX AS A TREATMENT OE 
PULMONARY TUBERCULOSIS 

SAMUEL EOBINSON, MD, and CLEAVELAND FLOYD, MD 

BOSTON 


Artificial pneuinotliorax tlierap)' consists in tlie repeated injections 
of a slowly absoibable gas into tlie pleuial cavity to permit and maintain 
for an indefinite period the collapse of a diseased Inng 

The investigations which form the basis of this paper were undertaken 
to determine the exact contributory value of this treatment, and although 
equally willing to deny the efficacy of the method, should our result so 
persuade us, we conclude on the contrary that the establishment of arti- 
ficial pneumothorax is a procedure of unquestionable value in selected 
cases 


The element of rest is now generally accepted as an important feature 
in the therapeutics of all tuberculous infections A striking example of 
this IS found m the promptness with which an acute tuberculous infection 
of the hip or Imee joint is quieted by rest from the application of a plaster 
cast The immobilization or splinting of a tuberculous lung, whether 
spontaneously or artificially produced, tends likewise to arrest the progress 
of the infection 

It may be argued that Nature seeks to i educe the mobility of a phthis- 
ical lung by restricting the activity of the thoracic muscles of the infecte 
side The affected chest becomes almost stationary , the normal convexity 
of its wall becomes flattened as the result of the approximation of the 
ribs A partial fixation of the lung thus results from the presence of the 
disease The general toxemia reduces the patient’s ambition and activi 3 , 
and recognizing that this may be an indication that Nature seeks thus to 
lim it the progress of the disease, we have learned the importance 0 pie 
scribing rest Together with the consequent diminished respiratory ac iv 
ity IS associated reduced toxemia and an improvement in the genera 
condition Contrasted with this is the apparent increased ac ivi y 0 
phthisical process prompted bj’’ the accelerated respiration resu in^ 
physical exertion 

The formation of a pleuritic exudate may be accepted as a fu 
effort of the disease to combat itself Spengler, ams, , 

Eorlanini have emphasized the importance of respecting ’ 

allowing the fluid to exert its compression on the lung, thus ur ler 
bilizing it While the removal of such fluid does not infrequen y las 
death its retention has reduced fever, diminished the quan i 3 0 -pu , 
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and let^sened ioMc ab«oiption A geneial lmpro^ emeiit in the palicni's 
condition has frequently follow ed 

Spontaneous pneumotlioiax coincident to tubeieulous neciosis and 
inptuie of the lung was once regarded as a thieatening occurrence in the 
couise of pulmonary tubeiculosis It is now* consideied to e\erci=e in <=01110 
cases a beneficial effect on the disease Spenglei lepoits ten ca<=cs in 
which he recognized the possible lalue of this complication The exudate 
W’as alloived to accumulate until the level of the luptuie was leaclied 
The accumulation of fluid seemed to favor the closure of the bionchial 
opening, and wxas wnthdrawm in small quantities when it became exceesne 
In SIX of Spenglei 's ten cases complicated with hjdrothoiax and p3opncu- 
inothorax the patients recovered completely 

EMdence is not lacking, therefore, that certain sequelm of pulmonan 
tubeiculosis act as self-limitmg processes and apparentl} limit the disease 
by immobilizing and splinting the lung 

The appaient beneficial effect of these processes when fa\oied led to 
an attempt to pioduce them artificially Quincke, Spengler, Joidan, and 
Eiiediich have resected large portions of many ribs to pioduce a paitial 
collapse of the thoiacic wall Immobilization and compiession of tlie 
disca<=ed lung has lesulted with distinct impioiement in <=ucli patient*! ac 
have w ithstood the severe operation 

n^diothoiax and pneumothorax have both been artificialh pioduced 
with results which point unquestionabl} to the therapeutic ^a1uc of such 
mcasuies 

1 RTinCI 1 L PXLU MOTRORA X 


It IS difficult and peihaps unnecessary to deteimiiie to whom priont\ 
should be ci edited in the conception of this therapeutic idea A<= to its 
application, suffiicc it to sav that Forlanini and Muipln were apparenth 
iiidepcndenth actne in Itah and America In 1SS2 Foilanini piiblichcd 
a statement to the eflect that he was then at woik to dc\c’o]) a cuitabh' 
technic for the oslabli=hment of aitificial pneumothorax In ISO j a publi- 
cation indicated that he had a]iead5 emplo\ed the treatment, pK=cntin!i 
at the time a technic of adminictiation In ISOS J B ^fiiridn in the 
Amencan Medical Accociation curirical oiation indt.pt‘ndcn{h contnbntrd 
chnual re=iihs of thi<= tieatmenl with detail- of hi- method In lb* 
<=ubse([uent clinical application of nruficial pneumotb.oia' thriajr P-.n' 
Imdolph Braucr ha® been con<=picuoii=h contiibuion rorlannn Sp ujf 
md Sibmidt liace a^-o enudoced the tic.umcin ccmiiniini!-], '''Pne o - 


clinunn-! l!a%e rcportcnl them Cfunjimatnch li»nu< d, * nriai' 
<urinau and Iidnn nnldu iimn^ bcinz |*’*idotrn n* 'll 
IMnip’i} wa- ciricd on In Pr Lc’n\,a up tJ> vi'*ir'P' i'< ■']i 
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The medical literature does not intimate that this inactivity may be 
regarded as an abandonment of the tieatment by its supporters, inasmuch 
as there are no references even tending to discourage its applicability 


PATHOLOGY 

It is to be regretted that we have not a greater number of post-mortem 
records to show the exact nature of the pathological changes concurrent 
with this treatment Graetz reports the autopsy findings in three cases 
from Biauer’s clinic He states that tuberculous cavities showed a marked 
diminution in size as compared with those outlined in the clinical findings 
previous to the first treatment The formation of connective tissue in the 
region of these cavities showed a tendency to cicatrization with contrac- 
tion Cicatrization of the old isolated caseous areas was distinct, and the 
tendency to connective tissue formation around both the large and small 
tuberculous cavities was apparent, indieatmg that the mfeetious process 
had come to a point of quiescence, though complete healing did not yet 
exist Both the old and the new cavities were characterized by exception- 
ally slight content of tubercle bacilli There was a striking tendency to 
callus formation in the region of the vessels and bronchi, indicating the 
healing of peiivascular and peribronchial inflammatory processes Graetz 
concludes as follows "There is no doubt m my mind that the anatomical 
changes in the lung must be regarded as proof that the tuberculous disease 
has come to a standstill and is in the process of healing ” He associates 
this condition with the lung compression resultmg from the artificial 
pneumothorax and believes that there is a certain relation between the 
extent of the connective tissue formation and the duration of the compres- 
sion This extensive cicatrization of the tuberculous piocess which was 
marked in the lung previously subjected to compression was not present 
in like degiee on the untreated side 

There is and will doubtless continue to be a number of conflicting 
theories as to the probable explanation of this effect of pneumothorax on 
the tuberculous lung It must be admitted, however, that the compression 
alone is of paramount importance The cubical contents of the previous y 
existing cavities are dimmished, to which the concurrent diminution ^ ® 
sputum quantity bears testimony The diminished amount of 
infectious material retards the activity of the tuberculous proce>.s, e 
immobilitj’- of the tissues lessening furthermore the transference o in ec 
tious material from one alveolus to another There is, moreover, a 
enej'^ to localize and encapsulate the smaller cavities 

Changes in the blood and lymph circulation must also be accepted as 
contributory factors Czerniki credits the effect of pneumo 
anemia which results from the compression, as a resul o w ic i e 
that both the bronchial and cavity secretions are lessene i 

suggested furthermore, that a condition of passive hjqieremia, as 
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peuticall} produced b} Bier, ma} take place There is not }et suGicient 
evidence that a distinct change m the pulmonary circulation occurs in the 
presence of pneumothorav to justify the acceptance of the ciiculalor^ 
thcorj'. Animal experiments have been conflicting in this regard, and it 
IS disputable as to whethei the contracted lung contains more or less 
arterial or venous blood In fact, there is experimental evidence that the 
pulmonary circulation adapts itself promptlj to the change and is there- 
fore not particularly disturbed 

There are reasons for believing that changes in the l}mph circulation 
are responsible for the clinical and pathological changes vhich occur after 
the establishment of pneumothorax This is demonstrated clinically b} 
evidences of diminished toxic absorption, namely, a fall in temperature, 
a reduced number of night sweats, and a rise in the opsohic index 
(Bigger) It would seem more consistent to ascribe this to a retarded 
Ijmph ciiculation than to an altered blood distribution Pathologicalh it 
maj be argued that the atelectasis following pneumothorax restricting the 
lymph circulation fuither limits the spread of bacteria and favors the 
growth of connective tissue (Beneke) It would seem that lung compres- 
sion might favor the escape of foreign infectious material into the h mph 
ciiculation, but the ex'periments of Graetz are evidence to the contrary, 
inasmuch as he has been unable to And artiflcially introduced material in 
the neighboiing hmpli-nodes 

INDICATIONS rOR TREATilENT 

It IS oliMOus that the chances of si'mptomatic relief and tlie probaliilih 
of ultimate cure bj this pneumothorax therapj are dependent largeh on 
one factor, namch the extent to which existing adhesions ma^ permit 
retraction and compression of the lung The lung collapse will occur in 
proportion to the extent of the pneumothorax, the degice of pneumo- 
thorax vill coi respond to a^allable pleural =pace, vhicli in turn i= dcp-'iid- 
ent on the extent and ■firmno=s of adhesions 
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introduced nitrogen not onty follows the periphery but occupies the space 
between the diaphiagm and. the lower lobe If adhesions are not present 
between the latter surfaces a pneumothorax of considerable extent is estab- 
lished and the lung retracts to the adherent areas of the upper thorax It 
IS m this last gioup of cases that the greatest benefit in treatment may be 
expected 

It should be emphasized, however, that in advanced cases with appar- 
ent involvement of the entiie lung it is sometimes possible to create an 
extensive pneumothorax As a rule, however, the capacily of the pleural 
space IS limited in such cases at the first infection In Cases 9 and 10 it 
was surprising to find that at a second infection at the same point a con- 
siderably greater amount of gas could be introduced under the same pies- 
sure before evidences of tension on pleural adhesions manifested them- 
selves The explanation of this is that the previously existing adhesions 
must have become either stretched or separated It is probable that this 
occurs during subsequent attacks of coughmg It is a physiological fact 
that during forced expiiation the normal negative intrathoracic pressure 
becomes positive The pressure of an artificial pneumothorax is positive 
or slightly negative at inspiration and positive at expiration, the degree 
depending on the hydrostatic pressure exerted on the gas at the moment 
when its flow ceases During subsequent coughing, at forced expiration 
the pressure of this localized pneumothorax is raised to a liigher level 
than that pressure at which it was introduced This explains the further 
separation of the pleural layers, which permits the introduction of a larger 
quantity of gas at the second in 3 ection It is obvious, therefore, that if 
nitrogen ceases to flow under a moderate pressure, raising this pressure 
to force its entrance is a dangerous procedure, for the subsequent rise in 
pressuie concurrent on coughing may exert an undue tension on adhesions 
suflScient to rupture lung tissue when such adhesions are tough and 
unyielding 

Inasmuch as adhesions are generall)'^ least prevalent in the earlier 
stages of phthisis, it might be argued that the first-stage cases are most 
amenable to this treatment The fact that pneumothorax can be 
esablished in such cases is by no means a proof that it should be uc i 
patients are ordinarily cured by methods of hygiene, and there 
reason to believe that pneumothoiax therapy should be substitute w en 
suitable institution or home tieatment can be carried out If such means 
are not at hand in a given case the pneumothorax treatment may e 

indicated 

Pneumothorax therapy is especially indicated in that group of cases 
advanced beyond the promise of relief by methods of hygiene It is 
important to recognize this intervening stage before the disease a 
to a point at which pneumothorax treatment is undoubtedly attended with 
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le=‘: ])ioin]‘-e Undci tlie ])]e=ent ctalus of tlie ticalnicnt of plitln^i^ \\lu'n 
Inaieinc method^ pio\e un‘:ncce=sfnl, it is not uncoiiinion to abandon l)0]ie 
of an citing Oie dneace and to confine the tieatiiient to ‘^niipfomatic 
relief 

Oiii group of fase^ coimsts uitli feu excejitiom of =o-ca]led ]iopelc== 
cane-' ne'jjnte Ihe sMiiptomatic relief obtained in all of them pennanont 
lelief Aia': obtained in Init a ‘?niall proportion in selecting niatoiial foi 
tbn lieatnient a distinction should be made between those cases which aic 
evidcnth not lesponding to Ingienic tieatinent and aie then legaided as 
hopeless, and those ^el^ adAanced cases which aie lajiidh a])pioachin'r 
then tcnnination In the foiinei gioiip the ])atients should be ticatcd 
with ])iieuiuothoia\ , the lattei also perhaps for SMiiptoinatic lelief but 
not with the liojie of aiiesting the disease 

^J’he cailiei wiiteis on this subiect. including Foilanini legaidcd all 
bilateial ca=es as hopeless foi coinpiession theia]n The piesent ojuninn 
howevei. is almost unneisal that such cases sJiould not ncccssaiih be 
excluded The extent and actnitx of the pioccss m the ojipo-itc lum: 
must of coiiise be tlie detei mining factoi Tf an old piocess in the ojipo- 
site side IS cpiio«cent there is no contia-indication Our lesults coiioboiatc 
the statements of Biauei Forlanini, Schmidt and Lexei to the etfect that 
a beginning jiiocess in the opposite lung is aiie«tcd in its actnitx b\ the 
immobili/ation of the lung most extensiveh inxohed With foiii exi'cp- 
tioiis 0111 cases ha\e piesented bilateial iinohcment sometime' boweici 
with an inactne ])iocess on the side least in\ol\cd 

It IS difTicult to explain the appaient ctfect of a onc-sidcd pmuiiio- 
thoiax on the dicciso of the opposite luiior 'this pioblem juesents 
conflicting tbcoi les of mobiliration and immobili/ation the fnrinei icpn*- 
sentinl hi Fieiind s ii])-diMding opeiation to mo])i)i/e a threaten'd oi 
infected apex the lattei svipjioited In theaititicial piuMimotlioiax tbeia])\ 
and the extensne iib-iescctions lesnlfing in immobiliration 

It IS oMdent that the icstnction of lespiration of oin lumjr le-iiltinu 
fiom ]ineumothoiax pioiokos additional woik ))\ the opjin-ite lung \\ bib 
iinmnliih/atioii f)f tlie lowoi jiarts of flic lung seem- to n -tiift ilie dn' n' 
mobili/ ition of ihc ajiex at the eaih 'taire- teii'ls il-oto'bck tin dn' >'■ 

If howeit'r flu juocessof tlu unticaied =id'‘ n moie ( xi< n--n< ,d’'"'!n_' 

llu' luoio mobile jiiit- of tbe lung thi'n n no 'UK-iiun ibn !t~ < >iep' n- 
s'don uti\n\ fa\ois the spjead of the dnt is* 

1 be ( onimonh acjit'd flu on i- lint tlie nnjmtAid u m r d f.<ie].t’'a’ 
ind im n i<( d re-mam i* of tin ]vitH ni rt 1" d "f to^t ms i b, Fi. jisn no < 
ibuiax llirun » inbb him totombii tb» b'jsioouj dt- .*( .d f, 

5^' -ide 

t't . t I'nl . the u: 

•i '”'1^ loj. .1) , 

t' n -i • ' » (/ lo,} 
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o^\n gioup weie stiictl}' of unilateral mvohement, and yet the piogiess 
of SIX cases is most promising 

SYMPTOiMATIC RELIEF 

Although the amount of autopsy material is insufficient from ivliicli 
to draw final conclusions as to the pathological changes resulting fiom 
aitificial pneumothoiax, the symptomatic relief attendant on the tieat- 
ment is unquestionable This relief of s3TOptoms is entirely in accordance 
with the pathological changes which appeal to exist The most conspicu- 
ous benefit is appaiently demed fiom diminished toxic absoiption, not 
onh^ from the toxins of tubeiculosis but from those resulting fiom the 
mixed infection piesent in phthisical cavities A lowei mg of temperature 
IS appal ent in those cases which have been attended with fevei, especially 
when a considerable amount of gas has been intioduced This fall m 



Fig 1— Incision metliod of nitrogen injection Tiansp'irelit paiietal pleuia 
exposed shoning non adherent Inng beneath it Needle inseited at oblique ang e 
to avoid lung injuiy i 


teinpeiature sometimes of immediate occurrence after the fiist mjec ion 
ina} be temporaiy and folloued letuin of fevei Subsequent mjec ions 
tend to loiver the temperature at the time and eventually it may lemam 
permanently noimal Coincident with lowered tempeiatuie tieie las 
often been a marked diop in pnlse-rate with improvement m volume uliich 
has persisted A diminution in the frequency and seventy of mght sweats 
IS not infreqnently^ noted An nnpiotement of the geneial eon ® 

the patient with mci eased appetite and gain in u eight is undoubtedly fui- 
ther proof of the i educed toxemia 

A diminution in the quantity of sputum has been the most conspicu- 
ous element Though perhaps increased foi the fiist tuenty-four hours 
after the mtioduction of pneumothorax, which doubtless lesults fiom 
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paitjal c\acuation of caMtios xinclci lung cnmpic':«ion theie a subse- 
quent falling olT in the twentx-foui hoiii amount The eM<lcnoc of pus 
has al«o f1cciea«ccl and the odoi in some cases been le=s tioiihlesomc Tn 
addition to the diminution in sputum quantitx it often noticcahle that 
the total numbei of tuheiele bacilli in a gnen micioscopic field is i educed 

ITcmo])txsis has laich been pic=ent in the cases of oiii gioup and then 
it has been of slight degice In tuo of these the blood pionijith di«ap- 
peaied fiom the sputum and has not since lecuiied In a thud ease mIikIi 
has come to oui notice, uheic this symptom uas causing coiisideiahle 
aiiMcii the fiist infection of nifiogcn entirel) aiiested the hlcediiig 

The lehef in coughing has been iiiteiesting and inc\plicahle Social 
patient-s ]ia\e \oluntaiih do«ciihed soon aftei the hist tieatment inciea'-ed 
ease in laising the collected sputum In some instances this was due 
]ieiha]is to the jiiiman incieasc in the quantiti of sputum, its e\pul''ion 
being faioied hi the distal compiession A latei alleMation of coughimr 
has been noticeable in ceitain instances paith due to the i eduction in the 
quaiitit\ of sputum to be laised, and fuitheimoie. appaienth as a icsult 
of icduced letlex nutation Occasionalh howexei, while CNjicctoiation 
has diminished the cough has iiici eased oi icmained unchamred 

Aftei continued tieatment foi can ing lengths of time and a stead \ 
impiocement in then geneial condition, ceitain patients ha\e been cnabU'd 
to letuin to woik, encouiaged not onh Ip inci eased stiength but b\ the 
limited coughing and spitting which had hitheito icndeicd them obnoMou= 
to others 

cirvxcrs ix clinic xl iixdixg"' 

Phcsical examination leceals changes caning actoidimx to the pitci- 
ouslc existing conditions and to the extent of the juieumothoiax estab- 
lished Xumeious fine pleuritic i.'iles mac be licaid at the penphen of 
the lung wbicli cntiiclc disajipoai ocer the aiea of j)m*uinoihoin\ 
Mtbouirli this chamzc mac be ])aitlc duo tn the fact that smb iale= ire 
loiideied inaudible be the aitifunllc lediiced aii-^pace bt tween the cbe=t 
Mall and the lung c\e aie ueceitbek''S pei-uadt‘d not onh ibat lie jilni- 
ritic rales disa])]ieai ns a lesult of the sepiiatioii of the jibnial lac* r- Inn 
that the uitiapulmoiian i.llos aie obliterated or diminnlied ns a result 
of ihe lumjr iinmobih/atioii and ibe comnre"ion of tb<‘ aheo’’ 
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Other changes in breathing and in the nature of rales occui which 
might be expected from the changes in the shape and mobility of certain 
poitions of the lung and in the size and contents of the smaller bionehioles 
resulting fiom the established pneumothoiax 

We have fiequently noticed ivhere, previous to operation, the less 
involved lung had shown evidence of consolidation at the apex with clear 
bronchial bieathing, that subsequent to the nitrogen injection this foiin 



Fio- 2 — Eobinson’s aitilicial pneumotlioiav apparatus 

O 

of breathing became altered to the bronchovesiculai type rurtheimore, 
the dulness to percussion and the resistance were less marke , an le 
breathing throughout the remainder of the lung took on a harsi anc 
exaggerated character The explanation of this change o signs wou 
seem to be that as the second lung is forced to take up a poition o 
work of the first, it increases in size and those alveoli vhich have sbovn 
imperfect expansion previously are extended to their utmost capaci 3 n 
the area of consolidation where tuberculous breathing had been the pre- 
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floininani f}iaiacieiJ«{)c the expansion of Intheifo atele<tatio 
inotlifuMl llie ie‘'pnaton note showing elinicalh what i'' often found at 
autopex that the cxtenRion of a tnhciculoiic piocc^« nieirulai lathei 
tlinn rn nm’^sc Koi on]'^ haxe tlieio been definite change? in tho-e phi-!- 
ea] sign? denoting consolidation but as we liaxe stated befoio tlieie iia" 
lieen cxidence of inaiked diminution in pulmonaix moisture 

With the subsidence of the c^mptoms of toxemia as a lesult of Imiir 
immobili/ation tlie oppoitunitics foi the use of tuberenhn and otlui 
bacieiial piodnei? max be moic faxoialile !Moie peifect diainnee of 
(aiities gieaili aids all efloits to cniitiol am secondan infi'dmn that 
might ho piesent and wnth it the accompaming lung destnirtion d'he 
(utiintr ofi of auto-intoxieaiion with the fall in the ienijieiatuic and puKe- 
late gnes a clianec foi efioit to inciease the geneial liodx icsjstaiKi with 
xaiimis tulieiculin jiiodutt*' with adxanlatre While tliese i(‘suii- aie 
almovi imanabli ilic lule the cncxsiing of pus m center- In too lapid 
eonipic«s]on ma\ gne use to mam unfoitunaie simptoms 

In foilain cases aftoi fonsideiablc lung letiaeiion under pio'-uie 
some obsoneis ospceialh Biauei bare noted a small jdeinal cffn-ion in 
the eom])icsscd side 'I’liis is domonstiablc to a ceitain extent In p)n-i(.il 
siLOis Imt moie «uich In i-rav examination Fluid ha= appealed in small 
amount- in one m two ol 0111 cases geneialh about foi lx -eight houi- aftei 
a huge inieclion of nitiogen, but has not peicjsted foj am leiifrth of tone 
The amount ha- at 110 time been oxei 300 to 500 ce Tins condilmn ma\ 
bf' due 10 pleuinl iintalion fiom tbe nitioaen 01 possihh a- a u-ult of 
tlie deiaiifremont of jilemal hm])b (iKulation fiom the lapid Htiactum 
of 11)0 luntf It IS of no elnnral impoitance and nexei incieasofl to .im 
<on-idtial)]e amount 


ri.vuMv 
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adheience of the lung to the anteiioi chest wall with diminished dnlness 
or tympany posteiiorl}', the scapular line should be selected 

In other woids, theie aie no rules governing the selection of the point 
of injection othei than to choose that aiea most piobably free of adhesion^ 
If it IS piesumed that the lung is fiee over a laige area, that poition of 
the chest wall should he selected which is least coveied with muscle tissue 
In the absence of contra-indications the anterior chest in the nipple 
line on the right, or the anteiioi axillaiy line on the left are to be 
piefi'iied 



THORACOTOMT OR THORACENTESIS 

A Merence oj op.:ucn has 

the hollow needle at the first injection The usual teen 

oraployed by Fo.lanm. and, adh a ^od.flcnt.on, by SchmKt Iho 
so-called Marpln-Brauer method is one of thoracotomy 
Sion IS made m the skm and nndexlying mnscle and fascia lay ers expo „ 




SA MUUL ROBIXUO^—CLL 1 1 L’L n Z) / L03 Z) ?(."> 

tlie paiieta] pleuia A blunt needle is tlien intioduced tbioufili the 
c\po«ed pleuia 

This ineision inelliod (Fig 1) ]« clnp]o^ed of coui^e onh ai tlie fii't 
inflection, the established pneumotboi.n pie\cnting lung iniun at the 
subcerjiient in,iect]on« O^his inspection of the paiietal pleuia at the hn^e 
of an incision has indeed been ino'^t ascuiing in tlio«c ca«es in Mhieb we 
ha\c employed Biauei's method A tiancpaient jileuia witli the hni" 
sin face nioMiig to and fio beneath it expoce^ a field tin ouch whuh hinc 
iiifiuii IS quite impossible The blunt needle is then iii=eited at an nblKjue 
angle with the paiietal pleuia, the point sliding between tiie two pieuial 
sui faces If a thickened opaque pleuia on the contian is diseo\cied at a 
point wheie least expected, the needle ma-\ be inseitcd with gieat caic foi 
a distance of onc-eighth of an inch, the SMingc oi manomctci test (to be 
lefeiied to latei ) being then applied befoie aiii attempt to iiitiodiue the 
nitiogen 1 = made IhiieA a non-adheient lung ma\ be })iesent beneath a 
thickened tnbeiculous pleuia and the pleuial space found and filled with 
nitiogen This is of such laie occuiience, howe\ei, that when hi Biauci ^ 
iiicthod a thickened pleuia is exposed it is piefeiable to cloi-e the fii-t 
iiKision and make anothci o\ei a new aiea 

'file point ill dispute is whethei the dancci of inpin to the liinc 
suflkienth gieat b^ the blind-jninctuie method to 3ustif\ the ojieiatne 
nu'ihod of incision and exposiiie of the pleuia 

The onh fatalities attiibutable to the jmeumothoiax tbciapi haie 
losnlted fioiii the needle jiunctuie of the lung with subccipient injiation 
of cas into a pulnionan Ae=sel One case of heniijilegia <iiid two of .ui 
cmholiem June lesulted fioiii this accident nameh, thiee fatalnu- in a 
senes of come oOO cases lejioiti'd 

It nun be concluded thciefore that acoidanceof lung in]un iindir'' 
the tieatment a «afc one Foilanini ainuc'- that one acemtone d lo ihoia- 
centesi'. should with come expenence he able to ucoeni/e that jinini at 
which the needle jiasces the paiietal plenia Ilecaiitions liowfcci aeain-i 
tilt' Hltiodiution of intioeen null) fnitht'i nioof ]ia~ hteii i-tahii'htd lhat 



4G4 


THE ARCHIVES OF INTERNAL MEDICINE 


be extraoidinar}^ if accidents did not oceui if a number of operatois 
untrained in Forlanini’s technic should undertake the free administration 
of this treatment with no more care than is expended in the common 
thoracentesis for pus or fluid A faithful obseivance of certain methods 
of determining the position of the needle-point refeired to below is essen- 
tial to avoid accident, and if one is not sufficiently painstaking to observe 
these lilies one should employ the safer and more reliable incision method 

Granting that the thoracentesis method is safe when correctly 
employed, there aie ceitam featuies distinctl}^ in its favor 

The words “operation” and “cutting” employed in explaining to a 
patient the Muiphy-Brauei technic aie often sufficient to discouiage him 
from submitting to tieatment Man}"^ suitable cases were sacrificed for 
this reason when we were emplojing the incision method Patients 
responded far more willingly when it was explained that a needle-prick 
was the extent of the treatment 

The Biauer operation, though a tnfling one, is a time-consuming 
method Aseptic technic is essential and cannot be readily observed under 
unfavorable sun oundings 


Emphysema is of rare occurience by the Eorlanini method because the 
opening in tlie parietal pleura is promptly closed by the overlying tissues 
In at least 60 per cent of our cases with incisions a greater or less 
extent of emphysema ensued This laiely caused discomfort, but indi- 
cated the escape of part of the contained gas, and when extensive seemed 
to interfeie with the fiist intention healing of the incision By the opei- 
ative method the intercostal muscles are sutured over the needle perfo- 
ration of the pleura Until these two surfaces have become adheiciit 
leakage may occur resulting in emphysema as high as the neck and face 
Emphysema is of raie occurience by the Eorlanini method, and surgical 


asepsis and after-dressing are obviated 

Being familial with both methods, we are of the opinion that the 
Brauer technic at least presents the piefeiable method for the beginner 
He may at least witness in the incision what he must perform blindh in 
the thoiacentesis method He will further discover how exact must be the 
po'^ition of the ej^e of the needle in the blind method to permit the infro 
duction of nitrogen at the fiist injection It must be reiiiembere la 
the aspiration of fluid from the chest is quite a diffeient per ormance 
from the inti eduction of a gas In the former the pleura ajers are 
already separated and the needle aspiration maj" be positne a mos re^t 
less of the depth of its introduction At the introduction o ga^, lovever, 
a pleural space is not entered, but on the other hand tie capi an i pro 
dueed between the pleural layers keeps them m clom contact and the 
orifice of the needle must be inserted to evactlj this point oi the in ra- 
pleural pressure cannot be recorded, noi can the nitrogen be intioduced 



.yiMLEL IlODa\SOX—CLEUEL\XD VLOYD 


ir.r> 

rndoiiblecll} the entciing needle with its trocar not inficqiioniU puslu- 
the lung fioin the chest nail, thus sepaiating the pleuial lajer^ foi a short 
distance If, ho\\c\ei. the needle is shaip oi intioduced In the stabbing 
method it is inoie likeh to pnnctiiie the lung than to foice a pleuial 
‘-pace 

AX1,STIIESIA 

’Whether the thoiacotonn of Biauci or the thoracentesis of Foilaniiu 
n C‘inplo3ed, local anesthesia is of pai amount importance Cocain, esoii 
111 weak solution, should not be emploAcd m the incision method, at lean 
not nithout the addition of epinephiin In si\ of the earliei cases of this 
gioup toMc ':\mptom‘; do; eloped fiom the use of cocain alone Though 
haiinlc'^s in extent the disturbance nas sufficient tempoiaiih to intcinipi 
the pioccduie, and liccaine a troiiblecome complication A solution of 
1 pel cent noiocain with 1 to 10 000 adienalin lia'^ proved a clesiiablc 
substitute 111 the latei ca=es symptoms ha\e occurred with its me 
In the incision method the noioeain i« iii3ected as in am local-aneHhc'^in 
opciation, the laiei« of the chest wall being anectheti/ed m succe=«ion 
The edematous intiltiatioii of the muscle laiers lendci'J then distinction 
inoie difficult, but the iib boideis ‘^ene a<= a landniaik to the cxteiral 
intercostal larer^ and the change in direction of fibeis di'^tinguidic'; the 
internal intcicostalc Tiaunia to the paiietal pleura is painful and caic 
should bo taken not to touch the lattei in the proce'^ of dniding the 
inteinal intercostal* A *inall conipie** soaked in noiocain is then ap])hod 
with pie*«uie to the paiictil pleuia foi thirty =ccond= which i« sufficient 
to icndci it anc*thctic The subsequent introduction of the needle i* 
then accomplidied without pain 

Xoioeain should a!=o he cniploiod in the punctuio method, altlmuirh 
Foilanini doe* not ictei to the u^e of .ine*the‘-!a Kolnii'-on ha- einjih.’- 
si/od tlie impoitamo of anc*the=ia in all foim* of thoraccnte*i= argunur 
that wlien the laltei i« jieifoimed for cx'ploration, the *iahhin<: imihod 
often produce* pain which pu\iudicc= the patient agaiii'-t *ub'eqnciit juim- 
tuie* in ea*e the tlr-i i* nofratne, and al=o di^couiage* the operator*- 
pti=i-ieiiee to coniimu exploration until pn* i* found In thnracddc -i* 
foi nitioeen injection it i* likewi-e inipoiiant not to can-" jiani T- r 
e"-em!al featuie <*f the treatment ion*!*t‘= in irpratrd lUjcctom- \,jth 
U’* from turn to lime If the jntient -utoi' at i''e ti’-'t n\i«(nn'! kr 
imn not In* pir-uadul t-i um’eigo the *uh*<'-,Mi. nt ma *•• mor, b\ r< i- 

IIUT tu V 1 \ 111 rii'iin i, 1,1 nifi ill- fEt ,*iiir clin.ii 
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tissues ahead of the needle may be well anesthetized before it is advanced 
Care should be taken that this interval is observed when it is expected 
that the next advance of the needle will perforate the pleura 

A further important argument in favor of anesthetic thoracentesis 
in this treatment is that the subsequent introduction of the nitrogen needle 
through the anesthetized channel made by the hypodermic may be per- 
formed slowly and carefully A minute skin incision with a narrow 
double-bladed pointed knife enables the operator to introduce the nitrogen 
needle without any marked obstruction One ma}'’ under these conditions 
note the slight resistance of fascia layers followed by the lack of resistance 
of the intercostal muscle tissues, warning him that the needle point is 
approaching the parietal pleura The resistance of the pleura, even when 
not thickened, is then distinguishable, and the sudden ease of advancmg 
the needle beyond indicates to the operator that the pleural cavity is 
entered and that fuither advance endangers the lung At this point he 
employs a method described below of proving further that the openmg 
of the needle is between the pleural layers 

Anesthetic thoracentesis also enables one to avoid the under surface 
of the Tib above, thus diminishing the possibility of injury to the inter- 
costal vessels 

The usual stabbing method of thoiaeentesis is then distmctly to be 
avoided in this treatment because of physical and esthetic injury to the 
patient and because of the added danger of lung injury from the lack of 
absolute control of the depth of introduction 


TO COXFIEM THE CORRECT DEPTH OF THE HEEDLE-POINT 

If the incision method of Brauer has been employed and the parietal 
pleura is found to be transparent and non-adherent, the needle may be 
slipped in between the pleural layers and the nitrogen injected without 
further delay If on the contrary the direct thoracentesis method has 
been substituted, one must have ample evidence before introducing the 
nitrogen that the eye of the needle is between the pleural layers Bor 
lanini’s method of attaching a sjwinge to the butt of the needle is perhaps 
a less complete precaution than the use of a manometer 

Brauer has always employed a manometer as guide m the introduction 
of the needle, and we are convinced that it is not only an essen la ea 
of the apparatus, but also the surest and simplest means o avoi i ^ 

When the needle has been inserted to what ^ 

to be the correct depth, the trocar is removed, an e nee e co 
The rubber tubing leading from the apparatus is supp le 
metal t.p which Lms a tight ,omt whea inserteJ f 

rWa that the mano^ter is isoWea from the nitrogen circuit After 



SAMVEL ROBIESOE—GLEArELAED FLOYD 


467 


connecting the tubing with the needle the needle-cock is opened If the 
operator has been fortunate enough to insert the needle to the correct 
depth the negative intrathoiacic pressure is recorded by the manometei, 
and inasmuch as this negative pressuie varies at inspiration and expira- 
tion, an oscillation of the water -column is visible and coincident with the 
respiratory movements If the needle-point is partly obstructed by contact 
with adhesions or lung tissue, this oscillation may not be more than 
0 5 cm Such a trifling oscillation is also found when the pleural space 
entered is one of small capacity on account of neighboring adhesions, but 
whether this oscillation be a complete or restricted one, its presence is 
an unerring guide that nitrogen may then be safely introduced If the 
oscillation has been small, the amount of nitrogen injected is correspond- 
ingly low A free oscillation of fiom 3 to 4 cm is evidence of greater 
lung mobility and the extent of the pneumothorax produced is corre- 
spondingly greater On two occasions we have risked the connection of 
the nitrogen pressure in spite of the lack of this manometer reading A 
slow nitrogen flow m one instance followed, and after introduction of 
50 e c the cocks were again adjusted to connect with the manometer To 
our surprise a respiratory oscillation was then manifest The explanation 
of this occurrence rests in the fact that the gas entering under slight 
pressure forced from the ej’^e of the needle whatever may have previously 
been in contact with it, presumably the visceral pleura Despite the suc- 
cess of this adventure its danger was unquestionable, a direct introduction 
of nitrogen into a vein being one of the alternatives which might have 
occurred This is an unnecessary and unwarranted risk A slight move- 
ment of the needle either inward or outward will bring the needle opening 
to the desired point with resulting oscillation of the manometer, unless 
adhesions are present If these painstaking changes in the position of the 
needle do not result in a positive manometer leading, even when the 
patient is lequested to perform deep breathing, ample proof is present 
that a pleural space and pneumothorax cannot be established at this point, 
and the needle should be withdrawn and another aiea selected 

XITEOGEXT PRESSURE 

Having obtamed the desiied respiratory oscillation of the manometer^ 
the apparatus cocks are so adjusted that the manometer circuit is cut out 
and the nitrogen gas may then enter the needle If the displacement of 
nitrogen m the reservoir occurs rapidly it is advisable partially to close 
the needle-cock in older that the pneumothorax and retraction of the lung 

mav not occur too suddenlv 

%/ */ 

It will be noted in the case reports that the nitrogen pressure 
employed has not been expressed in manometer readings The pressure 
employed has been varied at will according to the conditions present 
Time was not taken at each of these alterations to arrange the cocks to 
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connect nitli the manometer A pressure of 13 cm of water nas m no 
ease exceeded If nitrogen will not flow under tins pressure the under- 
taking may be abandoned even though a lespnatoii excursion of the 
manometer is previoiisli obtained Under favorable conditions the nitro- 
gen gas will enter at the rate of 50 c c per minute under a pressure of 
from 6 to 10 cm of water A more rapid floiv and a higher pressure 
means economy of time but a patient reacts less to the altered conditions 
within the thorax if thei occur giadualh 

hTot infrequently, eien though the needle be propeil} adiusted as 
proved b}* the manometer oscillations, the nitrogen will flow more slowli 
Increasing the pressure under these conditions will generally accelerate 
the flow We regard this phenomenon as evidence that the pleural space 
entered is one limited hr adhesions and that the subsequent pneumothoiax 
will be a ‘flight one In three cases it has happened that as mani as 
1,000 c t of nitiogen have been injected wuth this increase m pressure, 
and in tliese instances it would seem tliat the pleural space was not 
re'stiicted but that the opening in the needle inaj hare been partialh 
obstructed 

QUANTITY or NITROGEN 


Witnesses of the treatment iniaiiabl} inquire how much nitrogen 
should be injected at each sitting Theie is no answer to this question, 
smce the amount of nitrogen injected will alwajs depend within certain 
limits on the conditions found m a given case If the nitrogen flow under 
model ate pressure is apparentlj unrestricted 600 to SOO or even 1,000 c c 
mar be injected at the fiist operation Foilanini habitually eniplojs a 
moderate injection at fiist Though inclined to adopt this technic in our 
eailier ca=es we are convinced that at least 600 cc are frequent!} well 
tolerated and that the lelief of sjmptoins so necessarj for the encourage- 
ment of the patient is more marked if the first injection is a generous one 
In those cases apparent!} fiee of adhesions 600 to 1,000 c c may be 
• introduced at the fii=t injection without the least discomfoit, the respira- 
tions are slight!} increased and the patient is aware of an altered condi- 
tion in the chest The pain may not even be suggested One thousand 
cubic centimeters should be the limit of injection at the fiist sitting, even 


m the absence of sjmptoms 

If, on the contrary pli} sical signs, difBculU adjusting the needle- 
point, and shght respirator} oscillation of the manometer an re ar 
nitrogen flow indicate that probability of a limited degree o pne 
thorax, one should be guided b} the degree of discomfort to the patient 
Generally in such cases the entrance of the nitrogen, espi e a gra 
increase in pressure becomes steadily retarded oncurren ^ ^ 

dimmntion in flow is some indication of distress Tlie pa len ^ 
a full or tense feeling in the chest, generally at once relieved by tempo- 
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raiih checking the floir On renewing it the siniptom reeuis and may 
later lesult in a distinct pain which is identical with the ordmaiy pleuiisy 
pain This is generallj’’ noted in the lower chest anteriorly in the legion 
of the diaphragm The small area of pneumothoiax established in such 
ca'^es IS often limited below bj* adhesion between the lowei lobe and the 
diaphiagm Tension of this adhesion on the diaphiagm is subjectiveh' 
expressed by pam If, on the contrari*, the diaphiagmatic surface is 
clear, the process being confined to the upper lobe, a greater amount of 
nitrogen can be injected and pain does not develop The onset of distiess 
and the first sign of pain should be accepted as sufficient leason foi 
removmg the needle, not only at the first injection but in subsequent ones 
Whatever actual pain occurs is bound to increase if the flow is continued , 
and furthermoie even vhen the treatment is piomptly mspended whateiei 
pleurisi’ pam exists at the time will continue foi at least three to foui 
hours 

Ordinaiil} a laigei pneumothorax mai be established at the second 
and third injections than at the first If the pleuial space seems compaia- 
tivel} unrestricted, 1 200 to 1 800 c e ma}’- be injected If in the restricted 
cases symptoms have oecuired aftei the intiocluction of a limited quantity 
(200 to 100 c c ) it is not uncommon to find that even 600 to 800 e c mai 
be tolerated at the second and thud injections without the lecurrence of 
the same s 3 'mptoms This phenomenon is explained in a previous paia- 
grapli The amount of the pievious injection theiefore should be regarded 
as a guide but not a« a lestricted limit to the amount of latei injections 

FREQUEXCT OP TREATMEXTS 

It would seem that the tendencj' of the lung to reexpand is giaduallv 
reduced as time elapses Xitrogen furtheimore is apparentlv more 
rajiicll}’ absorbed in certain patients than in others and anj" dilution of 
the gas either in its manufacture or in its introduction will of courte 
hasten its absorption 

Concerning the frequenci of treatments again no rule can be estab- 
lidied Generalh speaking, the patients with restiicted pleural space in 
whom tlie first treatment results in a limited pneumothorax should be 
tieated again within a week, the frequencv of subsequent injections 
depending on whetlier the quantity of nitrosfen tolerated graduallv 
inei eases If a first treatment indicates that a considerable pneumo- 
thorax can be established two or three weeks may be allowed to intervene 
befoie a second treatment The symptoms of the patient and the size 
of the timpanitic area representing the pneumothorax are contributor! 
evuJence as to the permissible interval between inj'ections In cases in 
•nhich SOO to 1 200 cc have been introduced at the third injection a 
month or six veeks may be allowed to intervene between the later one= 
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APPARATUS 

Figure 2, showing Eobinson’s apparatus, illustrates the principles 
employed in all foims of apparatus Two bottles of 3,500 c c capacity 
are employed One is stationaiy and filled with watei contaming 2 drams 
of pyrogallic acid to take up any ox 3 ^gen nhich maj entei in conjunction 
with nitrogen. Nitrogen gas is then foiced into the stationary bottle (A) 
displacing the watei back to bottle B At completion of this displacement 
the apparatus is read} for use On opening certain cocks the water in 
bottle B replaces the nitrogen in bottle A, gradual!} filling it The differ- 
ence in the water levels of the tno bottles lepiescnts the pressure under 
which the nitrogen is injected, the lapidit} of its injection being regu- 
lated by the size of the opening in any one of the cocks When bottle B 
is full the maximum piessuie is obtained amounting to about 14 cc of 
water As the water levels approach one another bottle B may be raised 
as in Figure 2, thus maintaining the pressure until most of the nitrogen 
has been displaced, uhen the jnessuie is necessarih i educed With this 
hydrostatic mechanism the pressure may be laiied at will, never attaining 
the dangerous limit 

The arrangement of cocks d, e, and f, coriesponds to the substitution 
of a three-way cock at point g In othei woids with cock d closed and 
e and f open, a direct connection is established between the thoracic 
cavity and the manometer With cock f closed and c, d, and e open, con- 
nection IS made between the confined nitrogen and the manometei, thus 
recording the pressure represented by the difference in watei levels of 
bottles A and B With cock e closed and all otheis open the nitiogen 
passes directly from bottle A into the pleural cavity 

This apparatus has "the advantages of stabilit} and portability The 
fixation of all cocks and tubing to the backboaid facilitates their opening 
and closure, while the use of rubber tubing with clips such as we eniploved 
in earlier apparatus proved a constant source of annoyance 

Figure 3 illustrates a needle which Flojd has designed for use in 
pneumothorax therapy It is of the t}'pe of Braiier^s needle, with, how- 
ever, several changes in constiuction winch oui experience has demon- 
strated to be of value 


REPORT OF CASES 

CAsn l~PaUent-B M, a waitress, aged 28 Past lustorv 
Well until a few weeks ago when following a cold slie developed a o » P 
toration, and night sweats Some loss of weight 

Examination — ^Pairlv well developed and nounsiied Hear 
Lungs Well.uiarked a™ of consol.d.bou over «>» ' ‘‘1 

deuces of consolidation tliiougliont the light hcclv with ^ nioisture 

lobe Numerous rales On iSt aide over iippei lobe consolidation with moisture 

First Operation —Sept 6, 1909 Patient taten to Massaclrasc s encta^ 
Hospital for artificial pneiimotlioiaw opeiatlon Uiidei dieain, in ‘ 

Wt intercostal space on right below infeiior angle of scapula, and c.liicd down 
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to pleuia through which exposed lung could he seen Small opening made in 
pleura through ivliich needle was intioduced and 700 cc of nitrogen injected 
Wound then sutured 

Postoperative Condition — Some emphysema developed afterward following 
operation some dyspnea Examination showed tympanitic note over lower lobe on 
right extending well up into the vault of axilla Fremitus absent Eales in 
this legion have disappeared Heart pushed somewhat to left Sept 16, 1909 
Expectoration has diminished General condition good Tympanitic note over 
right lower lobe persists with very distant breathing and slight tactile fremitus. 

Second Operation — Sept 27, 1909 In region of first operation, 700 cc of 
nitrogen were injected into pleural cavity through needle Pulmonary signs about 
as before 

Siihsequent History — Patient followed from October, 1909, to July 13, 1910 
At intervals of a few iveeks, injections of nitrogen were given, the largest single 
injection being 900 cc, with the result of improving the condition of the patient, 
diminishing the amount of sputum and causing some gain in weight Toward the 
end of this time examination of the lungs showed a practical absence of moisture 
on the left side and very little activity on the right About July 13, 1910, with- 
out warning, patient had a severe hemoiihage and died in a short time 

This was a ease of rapidly progiessmg disease which was advanced when taken 
under treatment, and was much retarded in its progress as the result of nitrogen 
injections 

Case 2 — Patient — L H S , female, aged 29, shoe inspector Family history 
and previous personal history unimportant About two years ago patient began 
to be troubled with cough and expectoration, which have persisted ever since 
Theie has been a marked loss of weight, and in the eaily pait of the illness a 
hemorrhage of one pint 

Examination — Sept 16, 1909 The patient has an advanced case of phthisis 
involving on the left the upper lobe and all three lobes on the right Sputum is 
positive, twenty-four-hour amount being from 2 to 7 drams 

Operation — Patient was operated on September 16 under cocain in the seventh 
left intercostal space, in the region of the angle of the scapula Incision was made 
down to the pleura, which v/as then enteied by a small needle, but no free space 
could be found after considerable manipulation Wound was then closed and a sec- 
ond area selected in the fifth intercostal space, anterior axillary line Again, fol- 
lowing an incision down to the pleura, needle was carried through it, but no 
pleural space was found in this region The wound was then closed 

This case was entirely unfavorable for treatment with artificial pneumothorax 
on account of obliteration of the pleuial cavitv 

Case 3 — Patient — J J S , salesman, aged 30 Two cases of tuberculosis in 
immediate family Personal histoiy negative For five months patient has had 
a peisistent cough, with consideiable expectoiation and occasional night sweats 
Hilling this time has lost 12 pounds in weight 

Examination — Sept 8, 1909 A man in fair general condition Heart nega- 
tive Lungs On the left side tlieie is consolidation with cavitv formation at the 
apex with evudences of moisture tluougliout the upper tw^o-thiids of the back On 
the right the upper two lobes are extensivelv involved with cavity formation in 
front below the clavncle 

Operation — ^At this date the patient was operated on under cocain in the right 
eighth intercostal space neai the angle of the scapula Eight hundred cc of 
nitiogen vveie injected, causing considerable pain, pleural in type 

Postoperative Condition — Examination following the operation showed an 
inci eased harshness of lespiiatorv murmiii on the left side in the right back 
riles were much fewer, dulness and resistance had disappeared below the level of 
the midscapula and tactile fiemitiis was almost absent Following operation 
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patient had considerable pain and laised a laige anioiint of sputum in the ne\t two 
days Evamination one week aftei operation shoi^ed a well-maiked aiea of 
tympany over the lo^^er two lobes on the right and \eiy little moisture on the left 
Subsequent ffistoi y —Patient was follo^^ed foi a -yeai and a half, being given 
a number of injections of nitrogen in the same aiea by means of the Brauer needle, 
the amount of nitrogen being steadily inci eased to about 1,000 c c at one time" 
Following each injection there was some inciease of s-vniptoms, probably as the 
result of the effect of pressuie on the lung cavity At the end of si\ months’ 
treatment the process m the chest was brought to a standstill The case, howevei, 
was a far advanced one from the beginning, and lepoits at the end of a jeai and 
a half show the patient again to be losing ground 

CAsn 4 — Patient — H C, male, aged 20, stone ciittei Family and peisonal 
histoiy negative For one year there has been constant cough vith steadily 
inci easing e\peetoiation, frequent night sweats and consideiahle loss of weight 
Examination — Sept 22, 1909 Pooily developed and nouuslied Chest iiar- 
low On left, uppei lobe shows marked evidences of consolidation with a few^ diy 
1 Tiles Signs of cavity at left apev On right, above the thud iib in front and 
throughout the back theie is evidence of consolidation with numerous rales and 
ca\ity formation at the right ape\ in fiont De\tiocaidia piesent 

Operation — At the date already given, in the anteiioi avillaiv line on the light 
at about the fifth intercostal space, an incision was made undei cocain down to 
the pleura Nitrogen gas was allow'ed to entei the plenial cavity thiougli a needle 
until 800 c c had been injected The wound W’as then closed 


Postoperative Condition — Fvamination following the opeiation showed the 
heart to have moved toward the left The respiiatoiv note on the left side changed 
from bionchial to bronchovesicular and was less intense, and the i.lles had disap- 
peaied On the right, signs of eavitj' had disappeaied, itles weie much fewei, 
and below the thud rib tliere w^as marked tympany 

Subsequent History — A W'eek following the opeiation a second injection of 
nitrogen w'as performed of about 400 cc in amount Tlie patient then retuined 
home and refused to repoit for a subsequent tieatment He died three months 
latei 


Case 5 — Patient — A M, male, aged 36, plasteiei Family and peisonal his 
toi y negative Present illness began with cough and hemoi rhage about four weeks 
pievious to Oct 8, 1909 Sputum is positive 

Examination — Poorly developed and nourished Tempeiature normal, elevated 
pulse Heait somewhat enlaiged Lungs On left side, consolidation 
little moistuie involves upper lobe On the right, consolidation with marke ^ 
ity over upper two lobes On Oct 22, 1909, foi the last thiee days patien las 
been undei observation in bed on account of constantly i aiding bloo , rom 
6 ounces daily 

Operation — Incision was made in the fourth into space on the iinht ’ 
axilla No pleuial cavity could be demonstiated This “ 

and a second incision made in the nipple line in the fi i in eic a p 
600 e e of nitrogen W'eie readily given into the pleuial cavi y 

Postoperative Condition — Followung the operation j the 

breathing" on the left over the area of of 

light, peicussion showed a tympanitic note up 

moisture much diminished nr+wn 

Histoi y -Patient was followed at an 
until May 1, 1910 Following the opeiation there 

monary bleeding, with no return Nitrogen jgj^gst smcle amount 

vvght chest at intervals of from showed 

being 1 400 c c Examination tow^ard the mid o t e pe 
the left lung to be entirely dry There were slight eviaene 
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extreme light apev, and a tympanitic note at the light base ovei the aiea of nitio- 
gen injections On May 1, 1910, patient was doing well, his cough was veiy 
slight 

In this case, although one of inaiked pulnionaiy tubeieulosis, the disease has 
been aiiested as the lesult of pulnionaiy conijii ession Patient has been steadily 
at woik since his hist injection of nitrogen 

Case 6 — Patient — E E, male, aged 21, shoe inspectoi Mothei died of tubei- 
eulosis Personal histoiy previous to piesent illness negative For about two 
years and a half patient has had a peisistent cough which has been steadily 
increasing, accompanied by night sweats, tempeiatuie and loss of weight 

Examination — Oct 9, 1909 Pooily deieloped and nouiished Heait not 
lemaikable Pulmonaiy consolidation is piesent in upper lobe on left and uppei 
tvo lobes'on light, with evidences of cavity at the light ape\ 

Opetation — An incision was made in the fouith intei costal space in the 
.mterioi axillaiy line on the light and earned down to pleuia, which was found 
lo be non adheieiit Nitiogen leadiJy enteied the cavity to the amount of 575 c c 

Subsequent Histoiy — Following the injection duliiess in the left lung iias 
much less maiked, bieathing became less bionehial and moie bioiichovesiculai , 
fewer rales Mere present Nitiogen mms found to have invaded the anteiioi 
pleuial space on the light, forcing the lung baolcMaid Patient Mas kept undei 
obseivation foi about a month, but on account of liis pooi geneial condition, 
continuation of the treatment was thought inadvisable, especially as little col- 
lapse of the lung could be obtained on account of extensive adhesions posteiioilj’- 
on the light 

Case 7 — Patient — F G, male, aged 19, machinist Fathei died of tubeiculo 
SIS tMo years ago Patient has been undei tieatinent at vaiious times at Rut- 
land and Mattapan Day Camp his illness having begun M'lth a henioiihage in 
Febiuary, 1907 At the piesent tune, Octobci, 1909, he has a peisistent cough, 
M'lth consideiable expeetoiatioii showing tubeicle bacilli Theie has been consid- 
eiable loss of m eight 

Examination — Faiily mcU developed and nouiished TTeait pulled touaid the 
left axilla Lungs show consolidation on the light ovei the uppei lobe Co isid- 
eiable moistuie on the left, involving the uppei tMO thuds of the lung, signs 
of cavity beloM' the left clavicle 

Opeiation — Oct 20, 1909 Patient opeiated on in the left fifth inteicostpl 
space anteiioi axilIaiy line Incision cairiecl doM'ii to the pleuia, m'IucIi Mas found 
to be noii-adheient, and 500 c c of nitiogen Meie injected M'lthout symptoms 

Subsequent Histoiy — Patient lepoited foi obseivation foi about eight months, 
and Mas gnen peiiodic injections of nitiogen at inteivals of thiee oi foui Meeks, 
the niaximuni amount injected at one time being GOO cc Undei this tieatinent 
evidences of activity on the light entiielv disappeaied signs of caMt> beloM' the 
left clavicle became much less inaiked and sputum diniinished sonieMhat in 
iiiiount, theie M’as also a tempoiaiy gam m Mc'glit Aftei about eight months’ 
obseivation, patient developed inaiked intestinal sjniptonis, Minch steadih 
incieased in seventy, and fiom M'hich he died on July 1 1910 The effect of the 
tieatinent in this case Mould seem to have been a len maiked letaidation of the 
pulnionaii piocess 

CvsE 8 — Patient — A M, female aged 22 no occupation Faniilv and pei- 
soiial histoiv negative About eight months ago folloMing a seiere cold patient 
deielojied a peisistent cough, mIiicIi has steadih incieased and been accompanied 
b^ consideiable expectoiation Theie has been a maiked loss of m eight and fie- 
quent night sMeats 

Examination — Xov 1, 1909 Faiih veil dei eloped and nouiished Heart not 
remaikable Oier the entire left lung eiidences of consolidation especially in the 
uppei lobe, Mith scatteied illes thioughout No actnity on the right side 
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Opel atwn —Nov 3, 1909 Incision over the fourth rib anterior axillary line 
on the left was earned dovn to the pleura This was found to be adherent to 
the lung, and the needle could not demonstrate any pleural cavity A similar 
incision was made over the seventh iib in the axillary line with like result This 
case pioied unfavorable foi tieatment on account of obliteration of the pleural 
cavity 

Case 9 Patient E A W , female, aged 39, engaged in housework Two 
biotheis and two sisters died of tuberculosis Personal history negative Fol- 
lowing a severe cold in Maich, 1909, patient developed a persistent cough and 
expectoration Examination some foiii months latei showed her to be suffering 
With a marked case of pulmonaiy tuberculosis with positive sputum There has 
been considerable loss of weight 

Examination — July 21, 1910 Fairlv well developed and nouiished Heart 
not lemaikable Consolidation involving the light upper lobe and the upper two 
thuds of the lung on the left Marked activity on this side 

Operation — The following day patient wms operated on in the scapular line 
at the level of the eighth rib on the left side IneisiOn was carried down to the 
pleura, through wdiich the lung could be seen to move with respiration With 
some difficulty, on account of suiiounding adhesions, 1,200 cc of nitrogen were 
injected, the gas extending down tow'aid the diaphragm 

Suhseqiient History — Patient remained under observation for eight months 
following the first operation She was given frequent injections of nitrogen at 
Intel vals of about one month, the laigest single amount being 1,400 cc As a 
lesult of the treatment there w’as some gain in weight, considerable diminution 
in the amount of expectoration, and examination showed the process to have 
been ariested The light chest became entirely dry and there was very little 
moisture on the left side 


Case 10 — Patient — M H W , female, aged 31, engaged in housework Two 
brothels and father died of tubeiculosis Patient liad pneumonia one jear ago 
Present illness began following the attack of pneumonia, with cough and expec- 
toration and some hemopt 3 '’sis Theie wms a loss of 24 pounds in two years 
Examination — Juh’’ 26, 1910 Fairly Avell developed and nourished Heart 
shoAis double mitial disease Examination of lungs shoAVS upper half of left 
lung to be extensiimly involved On the right side the upper tAVO lobes are mark- 
edlj infiltiated, Avith considerable actnity Patient six months pregnant 

Operation — ^Three days later patient Avas opeiated on in left posterior axil- 
laiy line Incision made through chest Avail and carried doAvn to the pleura 
Hitiogen readil3’' enteied the pleural cavit3'’ to the amount of 1,100 cc, folloAvmg 
AAdiich the Avound Avas sutured 


SuTiseqnent Histoiy — Patient under observation for eleven months She was 
giAen a feAV injections of nitrogen folIoAAing the first operation 

Postoperative Condition— Confinement interfered with systematic treatment, 
the largest amount at one time given being 1,300 e c . 
the end of the peiiod of observation shoAied her genera con i ion ° , 

The process on the left side had become entirely quiescen , an le ey „ 
activltv on the left were much diminished The patient had stood the confine- 
ment well , , , 

0.3. school 

not impoitant Six months previous to July 30, ’ P „ „ rnised some 

cold followed by a cough which foi about four months 

blood She has been under observation at a day ‘=“™P 

and in spite of SAstematic treatment has steadi y os gr nri nhle 

^ , ,, , 1 j or,a nnnri<;hed Heart not remarkable 

Examination —Fairly Avell developed considerable moisture 

Uupei two lobes on right show extensive inAohement Avitli consiae 

Uppei lohe on left show s a moderate amount of activity 
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Ope) atwn — About six weeks after examination patient was operated on by 
means of the Brauer method in the left anterior axillary line, and 1,200 c c of 
nitrogen were injected without difficulty 

PostopeiaUve Condvhon — Period of obsei ration lasted for ten months, during 
which time the patient was systematically injected with nitrogen, the largest 
amount given at one time being 1,400 c c Examination on May 1, 1911, showed 
no activity on the right side and almost none on the left Sputum, however 
continued to be positive General condition is excellent In this case we feel 
that the treatment has hi ought the disease to a standstill, but on account of 
the age and lack of intelligence of the patient the ultimate outlook is poor 

Case 12 — Patient — F J P school boy aged 15 Family and personal his- 
tory negative On July 23, 1910 patient leported at the Boston Consumptives’ 
Hospital giving a historv of cough, expeetoiation and hemoptysis, having a duia- 
tion of about four months Sputum was positive 

Exaimnation — Fairly well developed and iiouiished Heart shows mitral 
regurgitation Lungs On the right side the uppei two lobes show extensive 
infiltration and activity Over the left upper lobe there are evidences of consoli- 
dation with slight activity 

Opel atwn — On Aug 3 1910, patient was operated on by means of the Brauer 
method directly beneath the right nipple The needle readily entered the pleuial 
cavity and 1,200 c c of nitrogen were easily injected v ithout symptoms 

Subsequent Histoi y — Patient remained under observation for one year and 
vas given monthly injections of nitrogen, the laigest single amount being 1400 
cc As a result of the treatment there has been a marked gam m weight, cough 
has entiiely disappeared and there is veiy little expectoration Exammation 
shows an airest of the pulmonary piocess 

Case 13 — Patient — D J D , male aged 54 laborer Family and personal his- 
tory negative Feb 17, 1908, patient repoited for his first examination, having 
had some cough and expectoration Examination at this time showed him to be 
an incipient case, but eien under tieatment he has steadily lost ground 

Examination — Aug 2, 1910 the left lung showed consolidation over the upper 
lobe without activity On the right side OAer the upper two lobes signs of con- 
solidation with considerable actmtv 

Opel atwn — At this date patient was opeiated on beneath the right nipple 
by means of the incision method The parietal pleura was readily exposed and 
1,200 c c of nitrogen entered the pleural cavity without symptoms 

Subsequent History — Observation of this patient continued for five months, 
duiiiig vliicli time there was considerable gain in weight Injections of nitrogen 
veie continued for three months with some improvement of the pulmonarv con- 
dition On account however, of poor suiioundings and bad habits further treat- 
ment was thought undesirable and patient was sent into a hospital A temporary 
improvement in this case was noticeable, however 

Case 14 — Patient — M K blacksmith, aged 39 Mother died of tuberculosis 
Fcisoiial historv negative Patient reported at the Boston Consumptiv'es’ Hos- 
pital on Jan 21, 1910, giving a histoiy of cough and expectoration with client 
pain of about two months’ duration He has since been under treatment at 
various institutions 

Examination — ^Aug 16, 1910 Heart negative Lungs On the left side over 
the upper lobe there is consolidation and a moderate amount of activity On the 
right over the upper half of the chest there is evidence of consolidation and of 
consideiable activitv 

Opciaiwn — Patient was operated on directlv below the right nipple bv 
means of the incision method and without difficiiltv 1 000 c c of nitrogen w ere 
in]ccted into the pleural cav'itv As a result of the injection there were marked 
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eMilences of pneumothorax ovei the light lowei lobe behind 
light side Mas much diminished ’ 


moistuie on the 


Subsequent Eistoiy Patient Mas given fiequent inoculations of nitioo'en at 
iiiteiyals of from tMo to four weeks oA^ei a peiiod of seien months At the end 
of this time theie liad been little or no impiovement Symptoms had peisisted 
FolloMing bionchitis the piocess extended thiough the light lung Patient died 
Maich 25, 1911, Muth meningeal symptoms Autopsy Mas lefused 


Case lo Patient M J K, female, aged 44, engaged in liouseMoik Pam 
ily and peisonal histoiy negative Patient has been undei observation at the 
Poston Consumptives’ Hospital since May 7, 1909 Foi the past emht months 
she has had persistent cough, M'lth consideiable expectoration, occasional chills 
and “ome niglit SMcats There has been a loss of 18 pounds in weight 

Examination — Aug 18,1910 Well developed and nouiished Heait enlaiged 
Lungs Consolidation ovei the uppei tM'o lobes on the iiglit side and the uppei 
lobe on the left with considerable actnity 


Opel aiwn —Patient Mas operated on by means of the incision method in 
anterioi axillaiy line on the light, and i,300 cc of nitrogen Meie injected Mitlioiit 
symptoms 

Subsequent History — Theie Mas some gain in M'eight and a dimiiiution of the 
cough and expectoiation folloM’ing the fiist injection of nitiogeii At the end of 
tMO M'ceks a second injection Mas attempted, but aftei causing the patient sonic 
pain fuithei tieatment M'as lefused We have been unable to follow this cisc- 
f Hither 

Case 1G — Patient — A E M, female, aged 25, engaged in lionseMoik Fani 
ily and peisonal histoiy negative At fiist examination (Aug 4, 1900) patient 
shoMed a Mell-maiked ease of pulmonaiy tubeiculosis, Mitli histoij of cough 
and expectoration of a yeai’s duiation 

Examination — Aug 18, 1910 Well deaeloped and nouiished Heait not 
lemaikable Uppei tMo-thiids of left lung shoM evidences of consolidation Mitli 
model ate amount ot activity Upper lobe on light similailj’- invohecl 

Opeuition — Aug 24, 1910 By means of the incision method m the fifth 
space aiitenoi axillaiy line on the light, the plenia M’as exposed but found to 
be adlieient and the Mound was sutuied A second aiea M’as selected in the 
scapulai line in the ninth interspace This attempt also faded, as the iisceial 
and paiietal pleuiae M'eie entiiely adheieiit Pneumothoiax tieatment, tlieiefoie, 
had to be gnen up, as the case M’as unfavoiable 


Case 17— Patient— R F C , seamstiess, aged 22 Family and personal lystoiy 
negative Foi some months pievious to Aug 25, lOlff, patient has been under 
obseivation, having given a history of cougii, expectoiation and loss of m eight 
Jlxamination —Pooily developed and nouiished Heait somenhat enlaiged, 
action pool Lungs show infiltiation, In^oIvlng the uppei lobe on t ie iigi an 
the upper two thuds of the left lung Theie aie emdenccs of cavitA foimation 

in the left fiont 

Ope, ation -By means of an incision thiough the 
pleuia M'as exposed in the left eighth inteicostal space, anc - foi 

Mcie readilv injected A laige imount of pus M'as expectoi-'ted immediately fol- 

loMimr the opeiation 

n„d .as *”S”a. loss of‘ ste.gM 

Meeks’ mteiaals Examination Jan 13 IJl , i fj.p riaht chest 

this peiiod of obseiuation There is less eMdence o 

b, bee,, .argdv changed „f ,L 

the outlook is unfavorable 
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Case 18 — PaUent — R R , female, aged 26, engaged in housewoik Family and 
peisonal histoiy negative For the past tliiee weeks patient has had consideiable 
cough and expectoration , has been gi adually losing weight Sputum is positive 
Examination — Aug 30, 1910 Well developed and nouiished Heait not 
reniaikable Lungs shoiv consolidation on the right side ovei the uppei lobe and 
on the left ovei the uppei tivo thuds of the lung Activity marked on the left side 
Opoation — Undoi no\ocain anesthesia an incision was made in the anteiioi 
axillaiy line at the le\el of the left nipple Pleura was exposed, which ivas found 
to be vhite and thickened The entiance of the needle, however, -^las unobstiueted 
and 1,000 c c of nitiogen gas leadily entered the pleural cavity Following the 
opeiation, examination of the chest showed a fairly extensive aiea of pneumo- 
thoiax localized in the lower left fiont of the chest, considerable diminution in the 
amount of moistui e 

Subsequent Eistoiy — Two weeks aftei the opeiation patient unexpectedly 
moved out of towm and efforts to find hei have been entirely unsuccessful Thus a 
veiy favoiable case foi this method of tieatment w'as lost 

Case 19 — Patient — W G J female, aged 23 engaged in housewoik Per- 
sonal and family histon unimpoitant For a j’^eai previous to Aug 30, 1910, 
patient has had a constant cough and expectoiation following a cold Theie had 
been occasional night sw'eats but no hemoptysis 

Examination — Faiilj well developed and nouiished Heait not remaikable 
Lung examination shows consideiable involvement in the upper half of the light 
chest and the uppei two thirds of the left with eonsideiable moistiiie Theie aie 
evidences of cavity foimation below the left clavicle 

Opeiation — ^This case w^as consideied a suitable one for pneumothoiax tieal- 
ment, and uhdei novocain an incision w'as made in the antenoi axillary line on 
the left side, at the level of the left nipple Tiansparent pleuia w'as readily 
exposed and the inseited needle found the pleuial cavity without difficultj Six 
hundied e e of nitiogen w'eie easily injected without discomfoit 

Subsequent Histoiy — Theie was a lapid healing of the wound Patient 
lemained undei obseuation for about seven months and was penodically injected 
with nitiogen, the laigest amount given at one time being 1,300 cc Examination 
Jan 20, 1911, showed a diminution in the amount of moistuie on the left side 
with diminished evidences of cavity' foimation Piocess on the left, how'ever, was 
only tempoiarily checked, and the piognosis on May 1, 1911, is poor One of the 
discoui aging features in this case nas been the weak heart action 

Case 20 — Patient — M M , female, aged 19, employed in shoe factory Father 
died of tuberculosis six years ago Peisonal histoiy unimportant For about a 
yeai pievious to Aug 18, 1910, following a heavy cold, there has been a persistent 
cough with considerable expectoiation and a marked loss in weight Tow aid 
the beginning of illness patient had one small hemorrhage Tubeicle bacilli in 
sputum 

Examination — Faiih well developed and nouiished Heart not lemarkable 
Uppei two thirds of light chest show signs of infiltration and theie are eMdences 
of moisture thioughout There aie signs of canty formation in the uppei left 
liont and consolidation of the uppei half of the left lung Pneumothoiax tieat- 
ment was detei mined on in an effoit to check this process 

Opeiation — ^A point in the antenoi axillary line on the left was selected fne 
inches outside the nipple and b-s means of the incision method the pleura was 
exposed and 1,000 c c of nitrogen weie injected without svmptoms As a result 
of the operation an aiea of tvmpany developed m the lower part of the left chest 
Subsequent Histoiy — Obsenation was continued until May 1, 1911 During 
tins time peiiodic injections of nitiogen bj means of thoracentesis have been given, 
up to 1 300 c c 111 a single amount A<; a result of the treatment the right lung 
IS almost entirely fiee fiom moistuie and only a few musical rules persist at the 
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left ape\ In this case the piognosis has been mateiially improved as the lesult 
of the treatment 

Case 21 Patient A C , female, aged 34, engaged in housewoik Family and 
peisonal liistoiy negative For about five yeais patient has complained of a con- 
stant cough, pel iodic night sweats and loss of weight and strength 

Examination ^March 14, 1911 Fairly well developed and nouiished Heait 
negative Signs of consolidation over the upper lobe on the light side and uppei 
two-thirds of the lung on the left 

Opel aiion — ^At the date given aboi e, by means of thoracentesis, 400 c c of 
nitrogen were injected in the left plemal cavitj’- m the anteiior axillary line with 
out discomfoit 


Subsequent Histoiy — This patient has been followed only three oi foui months 
At the end of this time, as a lesult of injections of nitiogen eveiy two or three 
weeks, there has been a steady diminution of cough and expectoration There is 
less evidence of activity in the chest and theie has been some gain in weight On 
account of the shoit period of treatment the ultimate outcome cannot be suimised 
Case 22 — Patient — F G, machinist, aged 36 Family and personal history 
negative For three months previous to April 20, 1911, patient had been losing in 
strength and had a peisistent cough This has recently increased, accompanied 
by night sw'eats, fever and thoracic pain 

Examination — ^Well developed and nourished Heart not remarkable Infiltra- 
tion of the left lung over the upper half with considerable moisture and on the 
right side above the level of the second nb in front 

Operation — By means of thoracentesis 400 e c of nitiogen were injected in the 
anterior axillary line on the left side 

Subsequent History — ^This patient has now been followed for two months and 
has been given frequent injections of nitiogen, the largest amount at one time 
being 800 c c Examination shows the presence of pneumothorax in the lowei 
portion of the left chest Theie is no activity on the light and only a few diy 
rhles on the left side There are no symptoms Patient is working and feels w ell 
Case 23 — Patient — A R, male, aged 42, laborer Family history negative 
Eleven years ago patient had a seveie pulmonary hemorrhage Returned to Italy, 
staying fourteen months Nine years ago had another severe attack of hemoptysis 
At the present time is coughing constantly, and duiing the past tliiee weeks has 
raised blood at times in considerable quantity 

Examination — ^May 12, 1911 Fan ly well developed and nourished Heait not 
remaikable Consolidation with slight amount of activity is evident in the rigi 
upper lobe On the left side there are signs of consolidation over t le upper 
two thirds of the chest wuth cavity formation below the clavicle in front c ivi y 


marked Sputum positive 

Operation — By means of thoracentesis in the midaxillaiy line on the left the 
patient was given 800 c c of nitrogen gas without discomfort 

Subsequent History -We have so far been able to follow this patient foi about 
two months There has been a marked improveemnt in the genera ^ ^ 

Activity has entirely disappeared on the left side and signs o ' s 

are nineh less marked There has been some gam in Height i'o recurrence of 


hemoptysis The outlook is very encouraging , i „ 

Case 24— Patient —N L, male, aged fglT,' patmn/SvXped a 

:::;^h!i^::pan“ ight 

one year ago, gave only temporary benefit consolidation 

Examination— Fairly well developed and noun the fourth on 

are present above the level of the second rib on the rig 
the left, with only a slight amount of activity 
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OpeiaUon — By means of thoracentesis 300 c c of nitiogen Tveie injected in the 
anteiior axillary line on the left side At this point, on account of seveie pleuial 
pain, the operation was discontinued Nitrogen had flowed slowly and with diffi- 
culty, as if under pressure In this case it seemed as if a small pleural sac pioh- 
ably surrounded by adhesions had been distended with the nitrogen 
Further treatment was refused by the patient 

Case 25 — Patient — J D, male, aged 17, student Family and personal his- 
tory negative Beginning about three months previous to April 29, 1911, following 
a cold, patient developed pleurisy and has steadily lost in weight and strength 
Examination — Fairly well developed and nouiished Left chest was flat 
throughout to peicussion with evidences of consolidation ovei the uppei two- 
thirds At the right apex there was some evidence of infiltiation 

Opeiation — Thoracentesis was done in the eighth space in the left back, the 
needle apparently went thiough a mass of thickened pleura This case was theie- 
fore rejected as unsuitable for pneumothoiax therapy 

Case 26 — Patient — J A, female, aged 29, engaged in housewoik Family 
and personal history unimportant Patient presented herself foi examination on 
May 5, 1911, giving a history of cough of ten days’ duiation, with pain in the 
chest, fever and some night sweats 

Examination — ^Well developed and nourished Heait not remarkable Lungs 
show involvement over the upper lobe on the right with a slight amount of 
moisture and on the left side above the level of the third rib in fiont Sputum is 
positive 

Operation — By means of thoracentesis in the left anterior axillary line 1,000 
c c of nitrogen were injected, which was followed by a great deal of discomfort 
and weakness and a rapid rise of pulse These symptoms passed off in about 
twenty four hours 

Subsequent History — ^This patient has been followed now for about two 
months There has been an improvement in the general condition and the right 
side shows no evidence of activity. There are very few evidences of moisture on 
the left Temperature has disappeared In this case the prognosis is good 

Case 27 — Patient — G D A, male, aged 30, laborer Family history neg- 
ative Pleurisy eight years ago For about one year previous to May 5, 1911, 
there has been more or less constant presence of cough with some expectoration and 
occasional night sweats At this date examination shows patient to be veil 
developed Heart not remarkable Infiltration present in the uppei left lobe 
Upper two lobes on the light are involved with considerable moistuie Sputum is 
positive 

Opetation — One week following examination artificial pneumothorax was per- 
formed by means of thoracentesis in the anterior axillary line at the level of the 
fourth rib, and 400 c c of nitrogen were injected 

Subsequent History — At the end of the period of observation the patient was 
taking 1,200 c c of nitrogen at a single injection Evidences of activity in the 
right lung following compression had entirely disappeared Patient is doing well 
Case 28 —Patient — T , female, aged 29, engaged in housework Family and 
personal history negative For about three months previous to IMay 6, 1911, 
patient has complained of considerable pain in the chest, cough, night sweats, 
with large amount of expectoration 

Examination — ^Well developed and nourished Heart not remarkable Consol- 
idation involving the upper lobe on the right side, with a moderate amount of 
activity, and on the left above the level of the fourth rib in front there is a 
marked amount of activity 

Operation — By means of thoracentesis in the left axillary line 500 c c of 
nitrogen were injected without discomfort 
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Eubsequeni H'lsioiy Up to the piesent time, following several injections of 
nitiogen, evpectoiation has entiielj ceased Examination shows little or no 
actiMty 111 the ehest, theie being only an occasional dry rale The outlook as a 
result of continued treatment is fa^o^ahle 

In eonsideiing these cases, it should he noted that almost "without 
exception they have been veiy unfavoiable at the outset In those where 
impiovement has been shown during the first two or three months of 
treatment and in -which it has been persisted m, there has been a continu- 
ation of benefit deiived both as legaids the pli5^sical and pulmonaiy 
condition 


DISCUSSION OF CASES AND CONCLUSIONS 


The foiegomg tw enh -eight cases of phthisis have been subjected by 
us to artificial pneumothorax therap-\ within the past two and one-half 
3 ears AVith three exceptions all of the eases have been advanced ones 
wdiieh had previous!}' failed to respond to methods of therapeutic hygiene 

The last eight cases have been treated by nitrogen injection too 
lecentlj' to diaw conclusions as to the ultimate result of the treatment It 
may be said liowevei, that witli the exception of the three cases in -adiich 
a pleural space could not be established, a distinct relief of symptoms 'has 
been the immediate result of the lung compression in practically all of 
the reported cases of our series 


The tuberculous process has been brought to a standstill in at least 
SIX of the cases wdiich have been under constant observation and continued 
treatment In two instances there has been cessation of all activity m 
both lungs 

The promptness and willingness with which most of the patients 
responded to summons for repeated injections were conclusive evidence 
at least of the sjraptomatic relief attending the therapy This might 
have been credited in part to psjchic influences had there not been a 
corresponding improvement in the objective signs revealed by repeated 


examinations 

From experience -wnth the earlier cases we have been led to the emploj- 
ment of more fiequent injections It cannot be denied that this factor 
IS of paramount importance The completeness of the compression is 
thus moie nearly attained, furthermoie, the partial mobilization of the 
lung permitted by the absorption of the nitrogen is promptly presented 
by its early renewal 

Tlie fatalities recorded wmre due to the unarrested progress o i 
disease in certain of the more advanced cases In no ms ance was 
referable in any waj*- to the pneumothorax therapy 

“Pleural eclampsia^ (Porlanini), or a 
through vagus irritation from the pleura, is a danger 0 e , 

L thif treatment as in other therapj requiring thoracentesis We behove 
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that it may alwaj'^s be prevented by anesthetizing the pleura as described 
in a previous paragiaph 

Air-embolism may result from the direct intioduction of gas into a 
pulmonaiy vein This should never occur if the technic described above 
is faithfully observed 

"We have experienced no accidents, and believing that they are alwajs 
avoidable, we conclude that pneumothorax therapj- is a safe procedure 

Pulmonarv tuberculosis when essentially unilateral, and resistant to 
hygienic treatment, is in a certain number of eases arrested by the con- 
tinuous emploj^ment of artificial pneumothorax therapi’- Our treatment 
has been of insufficient duiation to permit us to claim a permanent cure 
in an}^ one case TTe believe that such is possible, however, as proved bj’ 
the recent reports of Biauer and Spengler 

We conclude therefoie, that artificial pneumothorax is entitled to 
definite recognition in the treatment of pulmonaiy tuberculosis 

We vish to e\pie?s our gratitude to Mrs C H Colburn, Mr Charles D Sias, 
and Di Richard C Cabot for their contributions to the Massachusetts General 
Hospital sufficient to finance the erection and maintenance of a tent ward on 
the hospital giouinds, where our cases weie tieated under special nurse super- 
1 ision 

We also express oui appreciation of the couitesy shown one of us in Marburg, 
Geimany, by Professoi Ludolpli Brauer, who demonstrated the results of tieat- 
ment both in private and hospital cases, and contiibuted valuable instruction in 
the technic of his incision method 

We are indebted to Dr Balboni of Boston for proiiding for the treatment 
certain patients from his private clinic, and fuithermore foi his courtesy in trans- 
lating the Italian refeiences 

374 Marlborough Stieet — 246 Marlborough Street 
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CHRONIC FOCAL INFECTIONS AND THEIR BTIOLOGIC 
RELATIONS TO ARTHRITIS AND NEPHRITIS '■ 

PEANK BILLINGS, MD 

CHICAGO 

Theie is nothing new in the pimciple involved in the subject of the 
papei It has long been known that acute rheumatic joint-infections aie 
the result fiequently of a primary infection of the faucial tonsils^ oi 
tissues about them Pneumonia is doubtless the frequent result of the 
sudden change of a non- virulent to vnulent type of pneumococcus whose 
common habitat is the upper respiratory passages in city-dwellers It 
has been shown that a common source of infection in epidemic cerebro- 
spinal meningitis is the nasal mucous surfaces Acute endocarditis also 
has its source, in many instances, from tlie faucial tonsils Acute paren- 
chymatous nephritis is frequently the result of the toxemia of diphtheria 
Acute gonoiiheal arthritis has its source in a focal infection of the urinarj' 
or genital tract A local tuberculous focus may cause systemic infection 

SITE OP EOOAL INFECTION 

1 The faucial tonsils, tire peritonsillar tissues and supratonsillar 
fossae In this may also be included the Ijmiphoid tissue embraced in the 
pharyngeal tonsil and elsewheie in the nasopharyngeal space The 
phoid tissue comprised in the tonsillar tissues is most abundant in child- 
hood, and frequently becomes atrophic in adult life The site of this 
tissue subjects it to infection of various kinds The abundance of this 
tissue in the child probably explains the frequenej’’ of infections like acute 
rheumatic fever, diphtheria, tonsillitis, etc , in the earlier periods of 
life The fact that chronic septic focal infection may lie latent in 
the tonsillar tissue has not been generally recognized That this focal 
infection may produce a chionic sjstemic disease is established by clinical 
experimentation 

3 Abscesses of the gums and alveolar sockets, pyorrhea alveolar is an 
septic types of gingivitis may also cause systemic disease of various tj pes 

3 The various sinuses about the head maxillarj^, etlimoi a , sp le 
noidal and frontal' — may also harbor focal infection and cause systemic 

disease 

4 Bionchiectatic and pulmonic cavities due to chronic isea-e maj 
also produce chronic systemic infections 

-Reid b^ore tlie Chicago Medical Society, Nov 15, 1911, lecened for publi 
cation Jan 30, 1912 
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5 Chrome ulcers of the gastio-mtestmal tract, esi3ecially of the 
bowels This source is probably lare and more problematic than that of 
any other systemic infection 

6 Chronic appendicitis Chrome catarrhal appendicitis may pioduce 
not only the local discomforts including disturbance of the functions of 
the digestive organs, but it may also be a focal source of systemic infec- 
tion with the damage done chiefly to the cardiovascular apparatus 

7 Cholecystitis and eholangeitis, with or without calculi, have been 
lecogmzed as a source of systemic infection, the brunt of the damage 
apparently falling on the cardiovascular apparatus and kidney 

8 The urinary tract, including the pelvis of the kidney, the bladder 
and moie particularly the prostate gland Pyelitis of whatever type, even 
when theie is only moderate obstruction of the diamage of the kidney 
pelvis, may produce myositis, arthritis, neuiitis, etc 

9 Genital tract The pi estate and seminal vesicles aie a common 
source of infection of gonorrheal arthritis and probably of ordinary septic 
infections The fallopian tubes and the uterus are less common as a 
source of chronic systemic disease in all probability It is said that the 
parametrium is a more common focal source of infection 

10 Local, septic, submucous and subcutaneous foci anywhere in the 
body may be a source of systemic disease 

THE SYSTEMIC EESULTS OF FOCAL INFECTION 

1 Chronic arthritis is one of the most common results 

2 IsTephritis both acute and chionic 

3 Cardiovascular degenerations 

4 Cbionic neuritis and myalgia (myositis) 

The studies and experiments embodied in this paper are limited to 
the aithiitides and to subacute and paiench 3 ^matous nephritis Of these, 
chronic deforming arthritis, commonty known as arthritis deformans, a 
ehionic osteoaithiitis of hj^peitrojihic oi atrophic type, is the form seen in 
the majority of the studies Next to the arthri tides the largest number 
of cases comprise subacute parenchymatous nephritis and chrome paien- 
ehj matous nephritis 

The work has been done on private and clinical patients m the Presby- 
terian Hospital The bacteriological and histological studies and the 
animal experiments have been carried on b^ Dr D J Davis and by 
Di Homer K Nicoll 

MODE OF PROCEDURE 

The patient presenting eiidences of chronic cardiovascular disease, 
iieplnitis 01 arthritis, is caiefulh' examined in reference to previous 
disease which might be related to the existing condition and also for the 
existence of focal infections somewhere in the body Wlien a focal point 
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of ]iifeetioii Las been located and seems rationallr lelated to the sjstemie 
infection, it is removed if possible, suigicallj or some other means An 
attempt is made tlioronghty to eradicate the focus of infection Appen- 
dectomy, dramage of the gall-bladdei or of the pelvis of the kidney is 
insisted on not only because of local discomforts related to these diseases, 
but, uhat IS quite as important, to prevent further systemic degeneration 
The prostate and seminal vesicles maj^' easily be reached bj' the finger 
and the septic contents removed If necessary, vasectomy and drainage 
may be carried out Transillumination of the head ma}' be made to deter- 
mine the presence of smusitis The skilled specialist is neeessarj’’ to 
remove these conditions b}'^ operation oi treatment The faucial tonsils 
should be enucleated Ordinarj’’ tonsillectomy leaves an abundance of 
Ijmphoid tissue which may be sealed ovei by the operative scai and leaves 
a worse condition than that for which the operation was made Adhesions 
between the tonsils and pillars of the fauces frequently wall in foci of 
infection in peritonsillar tissues The supratonsillar fossa may contain 
lymphoid tissue and continue a source of focal infection even when the 
faucial tonsil is removed Ulcerative gingivitis, small abscesses under 
the gums and collections of pus in the alveoli require vigorous treatment 
Ill-fitted crowns on teeth and much bridge-work may harboi septic infec- 
tion in the mouth and produce S3^stemic disease and when found should 
be removed 

Careful examination of the tissues or secretions removed manipu- 
lation or operations have been made niicioscopically, cultures of bacteria , 
attempted and, in the work we have done, animal experimentation has 
been carried out in man} instances 

Illustrative conditions as found in patients suffering from chionie 
arthritis of a deforming t}q)e and subacute and chronic parenchymatous 
nephritis are included in this report So fai, moie than thiitj cases have 
been under close observation whose original focal infection appeared to 
be m the tonsillar tissues It is impossible to give all of the results in 
these patients at this time because a good many of the patients are still 
under observation The result of the method of treatment in the majoriti 
of the patients has been most successful In two patients of the advanced 
type of chronic deforming arthritis, no beneficial result was obtaine 
Following the report of the patients treated, the method of treatment wi 
be further amplified 

CASE KEPOEXS 


ABTHBiaiS 

CASE APE. 

of left hip, which had existed for ^raduallv increased seventy She 

pain stiffness and lameness on "one miscarriage Patient 

had had four pregnancies with f of the left hip, hyper- 
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laige uterus Blood hemoglobin 80 per cent, leds 4,350,000, whites 8,000 
Twenty-four-houi collection of mine, 1,526 ce, specific giavity 1010, acid, no 
albumin, no sugai, no casts, no red cells, few leukocytes X-ray of hip showed 
erosion of upper border of acetabulum with mushioom enlargement at juncture 
of head and neck of the femur, some flattening of the head 

Tieatment and Ammal Expeivment — Plastic pelvic operation and uteiine 
curettage was done by Prof J C Webster The tonsils were thoioughly 
enucleated by Dr George E Shambaugh Prom the cut surface of the tonsils a 
nearly pure sti eptococcus was obtained in culture A rabbit was inoculated with 
resulting acute multiple arthritis In a few days the animal died, and from the 
infected joints and the heart’s blood of the animal pure cultures of the strepto- 
coccus were obtained 

Course — The patient vas given a modified lest cure Siv months after 
leaving the hospital a letter from the patient stated that she was feeling well, 
could walk, play golf, iide horseback and perform any physical effort without 
discomfort A slight limp due to shortening of the left extremity remained 

Case 2 — Patient — ^Mrs J W J , aged 40, quartipai a, pi esenting a ease of 
osteo-arthritis atrophica chronica, was first seen in January, 1907 For about 
eighteen months the patient had had swelling and stillness and pain on motion 
with some deformity of the small joints of hands, feet, knees, wrists and elbows 
and more recently stiffness and lameness on moving, in the cervical and doisal 
spine Previous condition of health was good During the whole per rod of illness 
she had had treatment for chronic arthritis in which salicylate of soda and othei 
antirheumatic remedies were used Recently a “sti eptolytic” seium was given 
by deep injection, as much as 100 c c per day for four days and then repeated 
on the sixth Reaction with temperature of 102 P and general malaise followed 
each injection The patient was weak, nervous, with poor appetite and general 
stiffness on exertion in the affected joints Menstruation was legular 

Examination — Blood, hemoglobin 50 to 55 per cent, reds 4,100,000, whites 
12,500 Urine twenty-four-hour collection normal Tonsils moderately enlarged, 
adherent to the pillars of the fauces and crypts moderately infected General 
examination as to the organs of the body was negative Pelvic organs normal 
Many of the joints of the fingers were spindle shaped, crepitated on motion, both 
wrists were enlarged and fluctuated Swelling and tenderness of small joints of 
feet and more especially of the metatarsophalangeal, cervical spine, tenderness 
on motion Rest cure treatment and summer spent at Asheville, N C , gave no 
relief There was progressive development of the disease in all of the joints 

Tieatment — Aug 15, 1907, the tonsils were thoroughly enucleated by Di 
Otto T Freer A rest tieatment was then instituted with restorative tonics 
Tieatment with syrup of lodid of iron immediately 

Coin sc — Following the tonsillectomy all of the joints became considei.iblv 
worse and there was redness, sivelling and pain on motion The patient could 
walk only with great discomfort In April, 1908, there was a great improvement 
The patient ivas able to walk 2^6 miles a day without fatigue or pain There was 
still some deformity of the joints of fingers and some tenderness along the course 
of the right museulospiral nerve Blood examination showed normal condition 
In 1910 patient was reexamined and noimal conditions found The patient 
expressed herself as feeling entirely well iSTo cultures were made from this 
patient’s tonsillar tissues 

Case 3 — Patient — ^INIis E W, aged 50, primipara with a osteoarthritis 
chronica of mixed type was admitted to the Presbyterian Hospital Oci 10, 1909 
For two years there had been swelling, tenderness pain on motion and deformitv 
of many of the joints of extremities It began in feet and hands and extended 
to larger joints and finallv involved ceriical spine The condition was progre=«ne 
There was nnlnutrition loss of weight from 100 to 129 pounds For vears the 
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patient bad been subject to attacks of acute tonsillitis She had also suffeied 
foi years from pyorrhea aheolaiis 

Examination ^Patient ^vas poorly nourished, veiy neivous and irritable Her 
mouth was badly infected, with many stumps of caucus teeth, some of them 
loose in the sockets, gums i eh acted and infected, tonsils large, rough, adheient 
to pillars of fauces and crjpts infected Hei breath A\as offensive Heart, lungs, 
abdominal organs and pehic oigans were normal There was swelling with some 
deformity of both ankles, light metatarsophalangeal, both knees, right middle 
and left fingers, the wrists and elbows Some conti action of hamstring muscles 
prevented complete extension of legs Both biceps tendons of aims contracted 
which prevented extension of foiearm Twenty-foui hour collection of urine was 
1101 mal in amount and specific giUMty and contained a few hyaline easts Blood 
henioglohm 90 per cent , reds 4,600,000, whites 13,400 Oct 18, 1909, both fauci il 
tonsils weie enucleated bj- Di Geoige E Shambaugh and one week latei the 
loots of caiious teeth weie thoroughly removed by Dr Frederick Moorhead 
From the cut surface of the tonsillar tissue a pure culture of streptococcus was 
obtained 


Animal Expeiiment — A labbit inoculated wuth a culture suffered fiom acute 
multiple arthritis and died in a few' dajs The sti eptoeoccus was regained from 
the infected joints and fiom the heart’s blood 

Course — The patient was peimitted to letuin to her home too soon and did 
not fully carry out directions as to rest treatment Some time elapsed before the 
alveolar processes weie absoibed and the mouth remained sore April 3, 1910, 
she letuined to the hospital wheie lest tieatment w'as instituted with resulting 
marked improvement The patient gained in weight fiom 129 to 140 pounds 
After the leturn home fiequeiit communications by lettei with the patient and 
hei physician have show'n that the pi ogress of the disease has entirely stopped 
Some of the deformities weie so great that one could not expect entiie anatomical 
restoration The last cominuiucation is dated December, 1911, in which the 
patient says that the stiength of her upper extremities and spine is entirely 
noimal There is some fatigue in the low'ei extiemities aftei attempting to walk 
for any great distance, but thei e is a continued improvement even in this respecv. 

Case 4 — Patient — J H male, mairied, aged 37, bookkeeper, with osteo 
arthritis hypertropluca cbionica, was admitted to the Presbyterian Hospital Dec 
9, 1909 There had been swelling, tenderness and soreness in the knees, ankles, 
left wrist and right jaw and light temper omaxillaiv joints, during the past four 
yeais The first tiouble began m the right knee following a fall A diagnosis of 
tuberculous arthritis was made at that time and the knee-joint was injected 
with lodofoim emulsion on foui different occasions This gaie no lelief ei 

one year the left knee became involved and this was also aspirated ion 

followed the involvement of othei joints named Recently the patient has la 
tonsillitis, but does not recall that he suffered from the disease since childhood 
He denies venereal disease, has four healthy children, and is we exeep or 


aithiitis 

Examination — Both tonsils were greatly enlarged, lOugh 

showed cheesy masses Patient is unable to xfnTinn limited Small 

greatly enlarged, the light measunng 40, the left cm i tender slmhtlj 
?.o= hke bodies cln be felt ... both jomls Both ontles are so dH'”. ''y™ 

limited » motioh Spinel colnn... is not involved Genersl evsin.nntj M^not 

show liny abnormal find of iin]mrtanre ^ evukte obtained from 

teds 4,760,000 whites 0,500 enneleeted bi 

stiipping prostate Decerabei 1909, both t n tonsils yielded hemolytic 

Di F Giierney Stubbs Cultuies fiom cut surface^^^^ 3 troptococcus 

sti eptoeoccus in pure culture A rabbi ^ streptococcus was 

developed acute multiple aithntis , rr^g jjeart’s blood was sterile 

obtained ,n pure cnltn.o fiom the joint evndate „„d 

Fluid fiom the right knee to the amount of two oiincett 
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sterile Patient left the hospital Decembei 18, improved both as to joint condition 
and general health A repoit recently fiom him stated that he had practically 
leturned to normal condition 

Case 5 — Patient — ^Dr A W A , aged 40, married, with osteo-arthiitis hypei- 
tiophica chionica of spine, was admitted to the Presbyterian Hospital March 20, 
1911 Complained of stiffness and soreness with pain on motion in hips and 
shouldeis which began five years before as an attack of apparent lumbago The 
condition gradually involved the whole back and during the previous winter pain 
had extended to the left side of the neck and radiated around the chest, making 
it difficult to breathe Stiffness and soieness increased after lying or sitting, 
aggiavated by jars in walking oi driving Periods of improvement followed by 
worse conditions At one time the joints of the fingers were involved during 
acute exaceibation of the spinal trouble He did not remember that he ever suf- 
fered fiom seveie tonsillitis Had lost 30 pounds in the previous year Had a 
gonorrhea of mild type fifteen yeais ago 

Examination — Tonsils were small, adherent to pillais of fauces, and some 
of the crypts could be seen infected Heart and lungs weie noimal Abdomen 
vas negative excepting foi iigidity of abdominal wall Spinal column uas 
iigid Theie was tenderness to piessure along the spinous process, some tendei- 
ness on motion of both shoulders and hip-jomts but no crepitation Piostate was 
not enlarged, not tendei and no exudate was obtained by stiipping the glands 
March 25, 1911, both tonsils weie thoioughly enucleated by Dr fireo E Sham- 
baugh Tonsillar tissue small in amount, but small abscesses were found deep in 
the tissues from which a puie eultuie of streptococcus was obtained 

Animal Expenment — A rabbit inoculated intravenously developed acute 
aitliiitis which progressed into a chronic form of osteo-arthritis The animal 
lived neaily two months, became emaciated and at the time of death had seveial 
enlarged joints with exostosis and subluxation of the left shoulder A stiepto- 
coccus was isolated fiom the exudate in the joints 

Course — The patient steadily improved, played golf during the summei and 
followed his professional duties A letter dated Dec 18, 1911, states “My 
general condition is extremely good I have added 30 pounds to my weight and 
have lost the sense of fatigue fiom Avliich I suffered I can move much more 
lapidly and comfortably and rest well at night I still suffei from periods of 
decline, but these are veiy shoit in duration My spine has improved wondeifullv, 
I can stand almost straight and the pain is almost gone There is still some limi- 
tation 111 motion especially in the neck, but there is steady improvement ” 

Case 6 — Patient — ^Dr E S E, aged 26, single, with polyarthritis subaeuta 
vas admitted to the Presbvteiian Hospital Maich 2, 1911 Pain in both knees, 
left ankle, small joints of both feet, especially of the metatarsophalangeal and 
some soreness in lumbai spine Tonsillitis began ten years ago and, after that 
time an exaceibation of an aithritis of feet and knees was exaggerated Was 
obliged to go to bed Had an attack of tonsillitis vuth arthritis six years ago 

Examination — There was swelling and tenderness of joints named Ihe 
tonsils veie large, rough, crypts infected with whitish exudate Lungs and 
heart weie normal, abdominal organs normal 

After tvo veeks of treatment the patient was discharged as subjectnelv veil 
Later the patient de\ eloped chronic arthritis in-\ohing small joint=; of feet ankles, 
knees and VTists In Januarv, 1911, he had acute appendicitis which va® 
opeiated on Befoie the patient left the hospital his tonsils weie enucleated b\ 
Di Fiiedburg 

Animal Expci iment — A puie streptococcus was obtained in culture and inocu- 
lated into a rabbit Acute multiple arthritis de\ eloped and the rabbit continued 
ill for a considerable peiiod and then reco\ered 

Com sc — Folloving the enucleation of the tonsils the patient parsed two weeks 
in the country at rest Improvement was steady and progres=ne and by the 
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middle of September, 1911, be was entirely free from all joint involvements and 
able to return to bis professional work 


Casb 7 — Patient — ^Mrs COM, aged 30, pnmipara, witb osteoarthritis 
atropbica cbromea, was admitted to the Presbyteiian Hospital May 17, 1911 
Patient complained of soreness, stiffness and swelling and some redness in the 
small joints of feet and bands, knees, shoulders and wrists The joint-trouble 
appealed first in September, 1910, and continued until February, 1911, when 
there was a lather sharp exacerbation The patient was always worse in the 
morning, had had no fever She was nervous, had a good deal of occipital 
headache and pain in the back Appetite and digestion were good, bowels moder- 
ately constipated Average weight was 108 pounds There was no disturbance 
of the urinary organs Mensti nation regular, lasting four days, but painful 
Had a miscarriage three and a half yeais ago Had frequent sore throat since 
an attack of scarlet fever when she uas a child Pain in left side few years ago, 
which was called “pleurisy” 

Examination — ^Patient was frail and sallow, tonsils enlarged, rough, adherent 
to pillars and yellowish exudate could be seen in crypts Lungs and heart were 
normal Abdominal organs appeared normal Pelvic examination showed no 
abnormal condition Urine, twenty-four hour collection, was normal Blood 
hemoglobin 75 pei cent, reds 4,600,000, whites 6,000 March 23, 1911, tonsils 
w'ere thoroughly enucleated by Dr George E Shambaugh 

Animal Experiment — A pure streptococcus was obtained in cultuie from the 
cut surfaces This inoculated into a labbit produced an acute multiple arthritis 
The animal died and the cultuie of streptococcus was obtained from the exudate 
of the joints 

Course — Twenty-four hours after the enucleation of the tonsils, patient left 
the hospital without my knowledge She kept up and about and suffered more 
with joint-pain than for a long time She was then put to bed on a rest cure 
treatment and immediate improvement occurred Sept 25, 1911, patient reported 
herself as improved in every way Joint-trouble was practically gone She 
still complains of lessened strength and endurance 


Case 8 — Patient — ^Miss M I P, aged 39, nuise, with arthritis atiophica 
chronica, was seen first Dec 7, 1910 Patient complained of swelling and stiff- 
ness in both knees which began a year and a half ago, constantly present, but 
periodically worse There was no pain when patient was quiet, it was aggra- 
vated by motion and fatigue Left index-finger became involved m 1910 and 
later the right elbow Tonsillitis off and on for four years Had noticed an 
increase of joint disturbance with tonsillitis General condition was good Bow- 
els legular, menstruation normal 


Examination — Patient well nourished Teeth good, mouth clean, tonsils 
enlarged, rough, both infected, right more than left Heart and lungs normal, 
abdominal organs negative Blood hemoglobin 85 per cent , reds 4,600,000, whites 
9,000 Urine, twenty-four hour collection, showed normal condition Both knee- 
joints were swollen, crepitated on motion and weie tender Ho exudate Eight 
elbow swollen and tender Left index-finger spindle-form Tonsils enucleated by 
Dr George E Shambaugh 

Animal Experiment —Cultures made from cut surfaces of tonsils gave a 
streptococcus in almost pure culture Streptococcus injected into ra ^ 
acute multiple arthritis The animal died and from the exudate of the joints 
and the heart’s blood a pure culture of the streptococcus was obtained 

Course —June 27, 1910, patient wrote that she had taken a rest-cure for ten 
days and had resumed her work in a graduated way There a ® ^ ^ n 

gradual improvement until about middle of May , then she rapi y P 
considered herself entirely well 

CASE 9— Patient— Mr I M, aged 27, single, 

arthritis hvpertrophica chronica, was admitted to the Presbyterian Hospital May 

S 1911 He complained of limitation of motion and pain in right elbow, both 
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knees, left sternoclavicular and left temporomaxillary Trouble began thiee 3 ears 
ago, onset insidious It began in knees with swelling, pain on motion Tmo 
months later toes, fingers, elbows, shoulders and jaw became involved Patient 
was tieated at hospital in Pittsfield, Mass, and cast put on one knee This gave 
temporarj^ relief Since that time the course had been one of exacerbation and 
decline, but the patient had never been free fiom some debility He had had 
scarlet fever with double otitis media when a child He denied venereal disease, 
did not remember to have sufi“ered from tonsillitis 

ExamtnaUon — ^Right forearm could not be fully extended because of contrac- 
tion of biceps muscle Elbow-joint was not involved Left knee joint was swollen 
with effusion into synovial sac Soft structures about joint were boggy and 
thickened, hamstring muscles conti acted Right knee-joint showed abnormally 
free motion There was exostosis on external surfaces of outer condyle Left 
sternoclavicular aiticulation was moderately swollen, tender and painful on 
motion and mouth could not he fully opened Other joints were normal Lungs 
and heart were normal Mouth was clean, teeth sound Tonsils were not 
enlarged, but were ragged and buried between adheient pillars, showing point of 
exudate in follicles Abdominal organs weie noimal Prostate was not enlarged 
and no exudate could be obtained upon stripping the organ The urine in single 
and twenty-four hour collection was normal Blood hemoglobin 76 per cent 
(Dare), reds 4,100,000, whites 8,400 The tonsils were thoroughly enucleated 
by Dr George E Shambaugh Thirty cc of a clear fiuid was obtained from the 
left knee joint This was sterile and micioscopically only a few polynuclear 
leukocytes were shown 

Animal Experiment — A streptococcus in pure culture was obtained from the 
cut surfaces of the tonsils A rabbit inoculated developed acute multiple arthiitis 
and died in a few days A pure culture of streptococcus was obtained from 
exudate of joints 

Gouise — Autogenous vaccinations were made and used on this patient eveiy 
week or ten days June 25, he showed marked improvement and in Septembei 
he returned to his usual occupation which he followed without much discomfort 
December 22 the patient wrote that his condition was much impioved and that 
there was practically no pain in the joints and very little if any stiffness Slight 
swelling still remains in the left knee He had had three vaccinations and to 
the vaccinations he ascribed much of his impiovement 

Case 10 — Patient — J F, aged 38, married, brewer, with arthritis rheu- 
matica chiomca, was admitted to the Presbyterian Hospital Sept 11, 1911 He 
had suffered from attacks of rheumatism, beginning when he was 17 years old, 
with frequent attacks during the last twenty-one years Finally chronic arthritis 
resulted Theie was a decided iheumatic family history Patient had gonorrhea 
fifteen years ago from which he made a good recovery On admission to the 
Presbyterian Hospital he presented swollen, painful right ankle, right index and 
second fingers and right elbow Tonsils were enlarged, rough and infected Tlie 
left border of the heart measures 12 cm from the midsternum A soft sjstolic 
murmur was heard in right second interspace not transmitted Uiine examina- 
tion normal, including specimen and twenty-four-hour collections Blood-examina- 
tion, normal find Prostate not enlarged and exudate could be stripped from 
the gland September 20 the tonsils were thoroughly enucleated bj Dr George 
E Shainbaiigh 

Animal Expcumcnt — From the cut surfaces of the tonsils almost pure cul- 
tures of the streptococcus were obtained This inoculated into a rabbit produced 
acute multiple arthritis from which the animal died in a few dav = Tlie strepto- 
coccus was reobtained from the joint exudate and heart’s blood 

Course — Phenomenal improvement followed the enucleation of the tonsils 
The first two or throe davs the joints were more swollen and painful Then 
immcdiatelv began improvement and for the first time in many 3 ears the patient 
IS now entirely free of arthritis 
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These case histones aie good examples of arthritis defoimans and 
include but a few of the many who have been so managed, but are 
sufficient in number to illustrate the principles of the paper 

SUBACUTE AND CHRONIC PARENCUISIATOUS NEPHRITIS 

Case 1 Patient ]\Iiss L II , aged 22, of Chicago, was admitted to the 
Pi esbytei Ian Hospital Sept 11, 1909 Tliiee or four years previously she had 
had an attack of acute tonsillitis with bionchopneumonia Following this, edema 
of faee and hands develojied a pasty pallor, headache and nausea, and it was 
found that the urine contained albumin and a good many hyaline, granulai 
and epithelial casts 

Examination — ^Marked palloi, edema of face, lower extremities with some free 
fluid in the abdominal cavity Heart and lungs negative Liver not enlarged 
Spleen not palpable Blood 4,000,000 reds, 18,700 whites, 63 per cent hemo 
globin (Daie) Uiine twenty four-hour collection 900 cc, specific gravitj 
1 020, much albumin, many hyaline and granuhai casts, much blood Arterial 
tension (Stanton), 145 mm systolic Tonsils very large, rough, infected, with 
adhesions to the pillais of the fauces 

Tt eatment — The patient was kept under treatment at the Presbyterian Hos 
pital from September 11 to November 13, on a suitable diet, free bowel actions 
e\eiy day and an iron alkaline treatment with gradual improvement in general 
condition with a better urine output, less geneial dropsy, with an improvement in 
the blood condition, but on the whole the patient did not advance much towaid 
lecovery Therefore, Jan 5, 1910, she was again placed in the Presbyterian 
Hospital and the tonsils vere thoroughly enucleated by Dr F Guerney Stubbs 
Hie patient made an uneventful lecoveiy fiom the tonsillectomy The patient 
Mas kept quiet on a suitable diet, lestorative tonics, etc January 19 the twenty- 
four houi collection of urine vas 1,470 cc, specific gra\ity 1015, albumin 0 08 
pel cent Three fine granular casts were found in the centrifuged specimen, no 
blood, no leukocytes Before this date the albumin vas larger in quantity There 
veie always many casts and a good many led cells and leukocytes From this 
date on the mine slowly cleaied up 

Gouise — The general condition of the patient improved until the winter of 
1910 and 1911 When in the south (San Antonio, Tex ) she acquired broncho 
pneumonia and was severely ill for a time Nevertheless recovery from this con 
dition followed with a continued improvement of the kidney and general condi- 
tion June 24, 1911, a morning specimen of urine showed no serum albumin, 
no casts, no blood, no leukocytes An evening specimen, specific gravity 1 024, 
showed no albumin, no casts, no blood The blood at this time showed hemoglobin 
90 per cent , reds 5,400,000, Avhites 8,000 General hygiene was continued and at 
tlie present time the patient is practically Avell October 17, 1911, there were 
1 ,400 c c of urine, specific gravity 1 012, no albumin, and the sediment from a 
flesh specimen examined at the same time shoived no leukocytes, no blood cells, 
no casts 

Case 2 —Patient — J H schoolboy, aged 13, was admitted to the Presbyterian 
Hospital from the Central Free Dispensary on Dec 4, 1909, suffering from sub 
acute parenchymatous nephritis of the hemorrhagic type He was operated on 
for hernia at the Presbyterian Hospital in September, 1909, and left the liospi 
veil He suffered from tonsillitis three Aveeks previous to second admission for 
Aihich no treatment was giAen One week previously he vomited in the morning 
after breakfast, again at dinner and supper time Frequent urination occurred 
at the same time and it was noticed that the urine was red in color He ecame 
thirsty, with weakness, dizziness and two days ago he vomited up some rig i 
red blood Since then he had been in bed He had scarlet fever two years ago, 
no other disease excepting hernia for Avhich he was operated on, as men lone 
He had had severe attacks of acute tonsillitis 

Examination — ^Poorly nouiished boy, marked pallor, edema of eyes, face an 
some of the lower extremities Heart and lungs negative Abdomen negative 
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Blood-pressuie m lecumbent jDostuie 135 to 145 mm systolic Tonsils laige 
rough and infected Temperatuie slightly elevated but subfebiile Pulse and 
tenipeiature piactically normal Blood reds 3,250,000, whites 9,400, hemoglobin 
50 per cent (Dare) IJiine twenty-f oui -hour collection 1,200 cc, specific gravity 
1 008, cloudy, red with blood, acid reaction Albumin 0 1 pei cent by weight 
Many twenty -four-houi collections of urine weie made with practically same 
lesults Tonsillectomy was advised and enucleation of tonsils vas done by Dr 
F Guerney Stubbs January 17 The boy made an uneventful lecovery fiom the 
opeiation He was kept quiet in bed on a suitable non-nitrogenous, non-salt diet, 
the bowels were free and as soon as the hemorrhage in the mine ceased, he was 
given restorative non tonics The blood impioved giadually Januaiy 10, a 
little more than a month after admission, the leds were 4,500,000, the hemoglobin 
about 70 per cent Urine, the same date, 1,500 c c , specific gravity, 1 010, acid, 
albumin present in small quantity, no blood, no casts, a few leukocytes Sub- 
sequent examination of tbe boy during the summei of 1910 showed lestoiation 
to the noimal 

Case 3 — Patient — Dr E H S, aged 26, of Chicago, was fiist seen on Dec 
13, 1909, and was admitted to the Piesbjteiian Hospital on Dec 15, 1909 Patient 
came because albumin had been detected in the mine in October, 1909 As 
high as 2 per cent by measurement had been found A few hyaline and finel3’^ 
gianular casts had also been detected Patient tiied easilj% had some dull head- 
ache and was worried much about kidney condition He had suffered fiom 
attacks of tonsillitis for yeais past, had one attack during last winter He had 
smoked to excess until recently 

Examination. — Tonsils laige, led, ragged, infected Otheiwise tin oat and 
mouth normal Chest, heart and lungs negative Abdomen negative No edema 
of lowei extremities Urine specimen showed specific giavity 1 024, a good 
deal of albumin, not measured, many hyaline and gianular casts, no blood The 
aiteiial tension with the Stanton instrument was 95 mm systolic Blood 
hemoglobin 85 to 90 per cent, reds 4,500,000, whites 8,600 

Tieatment and Couise — Dec 16, 1909, the tonsils were thoroughly enucleated 
by Di Ehodes Since that time the patient has been examined and the urine is 
found entiiely clear, and the patient remained in good health A letter from tlie 
patient, dated Dec 20, 1911, states that the urine is free of albumin and casts 
“Am feeling well and have had no evidence of nephritis for the last jear and a 
half ’’ 

Case 4 — Patient — R Y, aged 18, schoolboy, vas first examined May 13, 
1910 A year and a half preceding this time a physician had found albumin and 
manj’ leukocytes in the urine Ihere had been no headache, no edema and, the 
patient thinks, no fever He had suffered from scarlet fe\er, pneumonia tv ice 
the last time one year previous to examination and had had manj' attacks of 
tonsillitis 

Examination — Well-developed, well-nouiished boy of fairlv good color llie 
Ivmph-nodes in posterior triangles of neck moderately enlarged Tonsils enor- 
mously enlaiged, red, ragged, and erj^pts filled vitli yellovish exudate Heart 
and lungs both normal Abdomen negative No edema of face or legs A speci- 
men of mine showed specific gravity of 1 012, albumin in rather large amount 
and the micioscope showed hyaline and granular casts, and a few kidney epithelia 
and leukocjtes Ihe arterial tension 130 systolic 

Tieatment and Couise — The important relation of the kidney to the infection 
of the tonsils was explained to the parents and the attending phvsician. Dr W 
S Picottc of Ishpeming, JIicli , and thorough enucleation of the tonsils advised 
Tins was done, but I fear inadequatelv , during the summer of 1910 The patient 
spent tlie next vvnnter in Florida in school and reported that his general condi- 
tion had been much improved On Sept 12 1911 he came for examination The 
bases of both tonsils still remained and were red somewhat infected, the general 
condition good the urine acid, a faint trace of cenim albumin but no casts and 
no letikocvtes Arterial tension 125 The condition wa= ex'plained as improved 
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and 1 egret e\piessed that the tonsils had not been really enucleated Patient was 
advised to have urine reevammed from time to time and if albuminuria continued 
to have remaining portions of tonsils dissected out 

Case 5 —Patient —Miss, S T, aged 20, was first examined through the cour- 
tesy of her physician, Di Albert Smith of Parsons, Kansas, July 6, 1911 The 
complaint was extreme Aveakness, swelling of the low'er extremities, the abdomen 
and anemia The histoiy showed that in November, 1910, the patient had a cold 
with infection of the tin oat About a month later patient became very tired at 
a dance and it was noticed that the feet became swollen Albumin and casts with 
blood were found in the urine The patient ivas taken to Texas at some mineial 
springs and drank quantities of watei Eapid edema of face, extremities and 
body resulted She had had no headache, no fever and no disturbance of vision, 
slight cough recently The patient had scailet fever at 7 years of age 

Examination — A tall slim girl, very pale, marked edema of face, lowei 
extremities, free fluid in peritoneal and a moderate amount in both pleural cavi- 
ties Few lymph-nodes palpable in posterior triangles of neck Apex of heart 
8 cm from midsternum A blowing murmur over the pulmonary area Arterial 
tension 140 mm systolic, pulse 78 per minute, temperature normal Blood 
hemoglobin 53 per cent (Dare) Urine specific gravity 1012, much albumin, 
many hyaline and granular casts and many red cells and leukocytes A good 
many kidney epithelia The patient was placed in Presbyterian Hospital on an 
appropriate salt-free diet At the hospital the mine measured in twenty-four 
hours from 600 to 650 c c on different days, specific gravity 1 018 to 1 020, con 
tamed a great deal of albumin, many hyaline and granular casts, many leukocytes 
and kidney epithelia and a good deal of blood 


Treatment and Course — The tonsils were enucleated by Dr Friedburg and the 
weakness of the patient necessitated two operations with an interval of one 
week between The dropsical condition gradually diminished and the patient 
improved in general condition July 21 there were 1,620 c c of urine, specific 
gravity 1 010, with less albumin, fewer casts and no blood July 29 the total 
urine Avas 1,620 o c , specific gravity 1 010, little serum albumin, few hyaline and 
granular casts, few red cells and few leukocytes and kidney epithelia At this 


date the patient left the hospital and spent the remainder of the summer in 
Canada following out a rest treatment wnth non-nitrogenous salt free diet and a 
restorative tonic of the syrup of the lodid of iron, free bowel actions daily Sept 
29, 1911, a reexamination showed a much improved condition There was but a 
trace of albumin in the urine, very few hyaline casts, the dropsy had entirely dis 
appeared except that ivhen the patient was up and about for the greater part of 
the day, there was a slight swelling about the ankles The red cells were 4,800,- 
000, hemoglobin 65 to 70 per cent, whites 10,000 A letter recently from the 
patient’s mother tells of still further improved condition Dec 23, 1911, the urine 
examined shoived specific gravity 1 015, yellowish-brown color, small amount of 
serum albumin and centrifuged deposit showed few leukocytes and two hyalo 
granular casts Jan 4, 1912, a letter from her physician. Dr Albert Smith, 
states that the physical examination showed a slight edema above each an ' e 
Patient looked well, had gained in weight and strength Blood count at that 
date showed 4,252,000 reds, 8,200 whites, 80 per cent hemoglobin, and a letter 
from the mother of same date states that the patient is feeling fine, does no 
seem to have any aches or pains and is gaining in flesh and strength 

Case 6— Patient— Mr CLP, aged 23, foreman in wholesale tailoring 
establishment, Chicago, was examined May 6, 1911 He came for examination 
because albumin and blood had been found in urine Patient was easily exhausted 
after exertion and also early in the morning He slept t^ell as a rule ® 

■nas not disturbed Bowels moved regularly Patient had had varicose veins 
of legs for a long time, had suffered from acute tonsillitis on several occasions 
during the last few winters He had typhoid at 12 years of age, no o er se 


illness 

Examination — ^Moderate pallor of 
Tonsils both verv laige and infected 


skin, no enlargement of lymph-nodes 
Heart apex 9 cm from midsternum left 
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boidei 11 cm No irregularity Fust sound model ately lougli and impure No 
accentuation of second sounds Lungs noimal Abdominal oigans negative No 
edema of lower extremities Urine showed a gieat deal of albumin, many casts, 
red cells, leukocytes and kidney epitlielia Blood hemoglobin TC per cent, reds 
4,000,000, whites 8,000 Arterial tension 110 mm systolic Condition of kidneys 
and probable relation to local infection of tonsils explained to the patient, and 
he was advised to have the tonsils thoroughly enucleated 

Treatment and Course — ^Nov 4, 1911, the patient was seen by request He had 
had the tonsils thoroughly enucleated by his own physician and had had a 
month’s vacation which he spent in the country on simple non-nitrogenous food 
and had kept the bowels moving freely every day At this time a specimen of 
urine contained no albumin, no casts, no led cells and only a few white cells 
The patient expressed himself as feeling entirely well Nov 4, 1911, a specimen 
of mine examined, showed no serum albumin, no casts, a few leukocytes, no reds 

Eepoits of other cases are not made at this time because it would make 
an aiticle of this kind too long, but subsequent reports will be made on 
other patients 

THE EFFECT OF THE INOCULATION OF ANIMALS WITH THE CULTUBES 
OBTAINED FROM INFECTED TISSUES 

It IS noteworthy that the streptococcus obtained in almost pure cultuie 
fipm many of the patients, uhen inoculated into animals, produced an 
acute arthritis either smgle or multiple, and in many of the animals 
produced an arthritis of deforming type Furthermoie, fiom the dead 
animals’ tissues the streptococcus has been again obtained in cultuies 
It IS also true that the cultures from the tonsils of patients who had no 
evidence of S 3 ^stemic infection contained the streptococcus practically 
identical with those patients who had sjstemic disease Inoculation of 
the strains of the streptococci obtained from the tonsils of individuals, 
witliout systemic disease, has not vet been expeiimented with enough to 
know what the result on animals would be It is an experimental fact 
that the streptococcus of anj’' source ma} pioduce acute ^oint-lesions in 
inoculated animals, especially rabbits In most of the animals inoculated 
vilh the strain of streptococcus obtained from our patients, the usual 
acute arthritis occurred In some of the animals the joint-process became 
chionic and developed the marked anatomical changes (exostoses, rice 
bodies atroph}’’ of cartilage, subluxation etc ) found m osteo-aithritis of 
man It is also notable that in thiee of the patients suffeiing fiom neph- 
iitis, the strain of the stieptococcus obtained from the tonsillar tissues of 
these patients produced albummuiia in the inoculated animals I^o other 
stiains produced albummuna 

A few of the patients have been treated with autogenous vaccines The 
vaccines ln^arlably produced reactions when injected in the dose of from 
10 to 500 millions This reaction consisted of marked tenderness red- 
ness and swelling and frequentlv of rise of temperature of varung degree 
with constitutional disturbance m the form of general discomfort, aching 
muscles, headache etc Leukocjdosis of varying degree would sometime^ 
follow the injections Tendeiness in joints vould also somctime= occur 
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With the vaeanations So fai it cannot be said that the antosenoiis 
vaccinations have been of anj^ especial value in a gioup of patients Indi- 
vidual patients haie apparently shown greatei improvement wit]i the 
vaccinations than without them 

General higienic treatment has been necessary in all the classes of 
patients treated and one would naturally infer that this general tieatnient 
had a good deal to do with the result AYith the arthritis cases it has been 
found ]ust as necessar}* to continue a long and 3 et variable rest treatment 
vith good food, restorative tonics and the various forms of individual 
treatment usuall}’’ emplo} ed m the management of this group of diseases 
Assistance has been rendered by Dr John Eidlon, Dr Chailes A Parlcei, 
Dr E W B3erson, and others in the arthritis cases, b}' such measures 
as were found necessar} in individual patients Casts have been applied 
to extremities, or to the spine, contracted tendons have been sti etched and 
other necessary manipulations and corrective measures used 

In those patients who, for some reason could not or would not follow 
out the details of aftei -treatment, rest, etc , improvement was not as soon 
obtained or not as full}" secured as in those patients under command 
This, however, does not mean in my opinion that the final results are due 
to the after-treatment alone, for m past 3"ears the same care in the general 
treatment did not give the same degree of good lesults that has been 
obtained in later 3 ears b}" the methods suggested in this paper 

FURTHER EXPERIMENTATIOX XECESSART 

It naturally occurs to one that there must be some othei element pies- 
ent in mdividuals or something lacking in some patients which peimits 
the systemic disease to attack them while others escape who present prac- 
tically the same local condition with chronic focal infection Many people 
suffer from chrome hypertrophic tonsillitis with cliionic infection, or an 
excess of l3'mphoid tissue in the nasophai3mx with consequent anatomical 
obstruction and lack of dramage, or have chronic sinusitis, or chronic 
focal disease in other portions of the body and 3"et appear to be entirel} 
veil ITaturally the hypothesis suggests itself that there must be some 
protective agency present in certain people and lacking in others It is 
a well-known fact that traumatism, excessive fatigue, general debilit'^ 
from some previous exhausting disease or exposure may be the beginning 
of an arthritis We commonly speak of this as a less resisting power in 
the individual Can we by some means ascertain vliat the essential 
lacking element may be m the individual whose joints are attacked from 
an existing focal infection^ The specificily of the bacteria obtained bi 
cultures from focal infections could probabl}’ be proved b}" investigation 
of the leaction to blood-serum, the spinal fluid and the exudate m the 
joints or elsewhere of patients suffering with systemic disease and some 
light could probably be thrown on the question bj the research into the 
question of bacterial reaction to the blood spinal fluid, urine, etc, 0 
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patients -who liave focal infection -nitliont srstemic disease A fmtlier 
stndj -would be of value also of the opsonic index and othei specific reac- 
tion of the blood, spinal fluid, ^oint fluid, etc of individuals before and 
after autogenous vaccinations or after inoculations of polyvalent horse- 
serum made by injection into the horse of seveial strains of streptococci 
obtained from patients Eesearch of this kind is under way m the worlc 
which is now being done and it is to be hoped that a later repoit niai 
explain some of the conditions which are now obscure 

I think that there can be no doubt that the insidious slow, degener- 
ative processes which occui in many patients who arrive at the meridian 
of life aie due to slow intoxications from chronic focal infections vaiiouslv 
located The medical liteiature is full of statements of auto-intoxieations 
from the intestinal tract and it is not improbable that this may be a 
source It is a fact that with proper hygienic management in diet, 
exercise, free excretion through the bowels, ladney, skin, etc , retrograde 
changes are delayed and an individual’s health much improved therebi^, 
hut it IS also true that with these measures fully carried out many people 
still show piogressive interstitial nephritis with caidiovaseular changes 
in spite of the best hjgienic management Xot infrequently it has been 
my experience to find that such patients suffer from a chronic infection of 
the gall-bladder, appendix or prostate, or some othei focal infection Tlie 
result of the removal of these infections has also been most astounding in 
many instances This paper would be too long to discuss further that 
pait of the result of focal infections I hope to piesent that phase of the 
subject in another paper in the near future 

THE NECESSITY EOR THE REMOVAL OF FOCAL IXFECTIVE PROCESSES 

It is not the puipose of this paper to advocate unnecessaiy suigical 
procedure It is, howevei, necessarj’- to do something radical when one 
finds a patient who suffers from a focal disease that maj produce acute 
disease or chronic degeneiative changes in any of the oigans of the liodi 
Excessive amounts of hmphoid tissue of the faucial tonsils or na=o- 
phaiinx in children is a double menace "With obstruction and vant 
of dramage those localities produce not only alterations in the boni 
framevoik of face and chest but offer a =ource of sistemic infection 
which mat be ruinous to the individual There can be no other iea=on 
for the prevalence of iheumatic fever in children than the frequencv of 
local mfections in throat and nose Quite as frequently children have 
endocarditis witliout other symptoms or rheumatic infection which has 
its source in the throat There mav possibh be a reason for tlie retention 
of some of the lymphoid tissue in the faucial tonsil but so far the 
plnsiologists have not been able to give a reason for its retention Xor 
I think, has there ever been an argument advanced to show harm from 
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the practical enucleation of all of this tissue I think anyone who has 
noted the difference in the physical and mental makeup of a child before 
and after the removal of large amounts of lymphoid tissue m the throat 
must be convinced that the change is due not only to a better air-space, 
but also probably to the removal of a constant, even though it may be 
slight, systemic infection It is an interesting observation of Dr Thomas 
L Gilmer and of others, of foci of specific infection about the gums and 
the presence of abscesses about the roots of the teeth, often unsuspected 
which must be recognized as a source of systemic infection that has not 
leceived the attention from the medical profession which it deserves I 
thmk that any one who has seen the illuminating results of a bettei 
physical health in patients whose dirty mouths have been made as neaih 
as possible clean, must be convmced of this source of systemic infection 
I think that the specialist as well as the general practitioner has not 
fully recognized the importance, not only of the relation of the focal 
infection to systemic disease, and have not been fully awake to the neces- 
sity for entire eradication of the focus Partial removal of the faucial 
tonsils by whatever means frequently leaves a condition as bad as the 
original one, or worse An infected tonsil or tonsillar tissue need not 
be large m bulk In some of our patients small and apparently innocent 
tonsils contained abscesses from which pure cultures of streptococci were 
obtained The scar of operation may seal over infected crypts m lym- 
phoid tissue An incomplete operation on the mouth may still leave 
alveolar abscesses In several instances of patients included in this series, 
more than one operation on the tonsils have been made necessary because 
of incomplete removal of the focus of infection by the first operator 
The purpose of this paper has been to call the attention of the profes- 
sion to a source of general disease which, while recognized by a few, is 
entirely ignored by the many Ho one would have the effrontery to sai 
that the lack of recognition of the focus of infection is absolutely detri- 
mental to the best interest of the patient, nor would one say that the 
treatment advocated is specific in that all patients are made whole and 
well by it, but it is believed that there is a principle involved as a cause 
of systemic disease which should be recognized, should be sought foi 
more frequently and when the focal infection, wheresoever it maj be 
located, seems to be related to the S3'^stemic disease, radical measures 
should be instituted to remove it When this is done, those general mea= 
ures which long have been recognized as essential to the well-being of an 
individual should be instituted so that nothing will be left undone which 
may restore an invalid to health So far the experimental work done 
seems to prove clinicalty the truth of the principle advocated 
122 South Michigan Boulevaid 


CHEONIC OEAL IFFBCTIOETS ^ 

THOJilAS L GILMER, ScD, MD 

CHICAGO 

In 1891 Miller, in the pieface to a series of articles’- entitled “The 
Human Mouth as a Focus of Infection,’^ says 

During the last few yeais the conviction has grown continually strongei among 
physicians, as well as dentists, that the human mouth as a gathering-place and 
incuhatoi of pathogenic germs performs a significant role in the pioduction of 
varied disorders of the body, and that if many diseases whose origin is enveloped 
in mystery could be traced to then source, they would be found to have originated 
in the oral cavity 

Miller isolated fifty-eight varieties of microoiganisms from the mouth, 
many of which are pathogenic or may under favorable circumstances 
become so - These findings were verified by Black, Vmcentmi and others ® 

Wlien it IS realized that in some or all mouths there may be found at 
times bacteria of most infections, the importance of the study of the 
mouth as a focal cause of disease becomes apparent Foi instance, 
tubercle bacilli are found in the mouths of non-tub erculous patients 
When the cervical glands are found to be tuberculous there can be little 
doubt but that the bacilli often leacli the glands from the mouth thiough 
alveolar abscess, the tonsils, or through any suppurating focus m the 
mouth 

The pievalence of tubercle bacilli in the mouths of those not tubei- 
culous IS indicated by the experiments of Gilberti ^ He injected guinea- 
pigs, previously subjected to the tuberculin test, with mixtures of inguinal 
and also of cervical glands taken from children dead of non-tuberculous 
disease, so far as Icnown Of tliiity animals injected with the cervical- 
gland mixture, eleven died fiom tuberculosis Of those injected with the 
inguinal-gland mixture, onlj’’ two died of tuberculosis 

As a result of food wedging in between teeth malposed, or betveen 
approximating teeth having ca-vities of decaj, or between teeth with 
impioper restored contours, the gum septum is destrojed and deep pocket= 
are formed The injudicious use of cro-wns and bridges made as substi- 
tutes for lost teeth, and their faulty adjustment are sources of gieat 
dangei, since they foim pockets which harbor bacteria and are irritant=^ 
to the gums peridental membrane and alveolar process These pockets 

■*Recened for publication Feb 5, 1912 

1 iMiller Dental Cosmos, September, 1S91 p GS9 

2 JlacFarland Pathogenic Bacteria, Ed 4 

3 Bacteria of the Sputa and Crvptogenic Flora of the ^louth London 1S97 

4 Gilberti Medical Practice Senes, 1910, iii 313 



500 


TEE ARCHIVES OF nTEBEAL MEDICINE 


constanllj- present granulating walls and afford good incubating centeis 
for pathogenic and other microorganisms, both aerobic and anaerobic 
Unfilled cavities of decay m teeth always harbor both saproph 3 die and 
pathogenic microoiganisms, also unsterilized pulpless root canals or 
root canals containmg gangrenous pulps or their septic remains, may be 
equally prolific as incubating centers 

Many persons are mouth-breathers, either occasionallj or generall}, 
owing to stenosis from malformation or disease of the nasal fossae The 
nasal fossae offer harriers to the passage of bacteria through then laby- 
rinthine formation, the hairs and the agglutmating material found on 
their walls The mouth offers practically no such obstructions Those 
having nasal stenosis breathe largely through the mouth , as a result there 
are admitted to the oral cavity, pharjmx and tonsils, greater numbers of 
bacteria than when the nose performs its function normally There may 
be other causes for lesions of the tonsils, but it is highly probable that 
the constant parsing of bacteria over them from a diseased mouth is the 
most potent That bacteria may pass thiough healthy tonsils, without 
causmg them to become diseased, has been demonstrated by 'W'ood ° Some 
however, find convenient lodging places in the crypts of the tonsils, where 
they may remam until from some cause they become active and produce 
local or general infection 

CHEOICrC ALVEOLAR ABSCESS 

Chronic alveolar abscess is so common that few go through life 
without one or more such suppurations There are two forms of this 
disease, that which continually or periodicallj’^ discharges either into the 
mouth, nose, maxillary smus, or elsewhere , and the blind abscess which 
never discharges through a smus the pus being absorbed by the granu- 
lating walls of the abscess The former, discharging pus and bacteria as 
indicated, cannot but be prejudicial to health, and the latter, the blmd 
abscess, offers greater danger Its presence is generally unobserved by 
the patient and may be overlooked by the physician, even if the mouth is 
examined, smce it may not present to the eye any clinical evidence of its 
presence I think 25 per cent a safe estimate of the percentage of jaws 
havmg suppuratmg cavities That greater havoc is not wrought bj'' such 
focuses of infection is due either to the fact that the dosage of bacteria 
and their poisons is usually insufficient, or to the fact that the normal 
individual becomes immune Instances, however, are not lacking which 
demonstrate that such focuses of infection are mstrumental in causing 
neuritis, neuroses and secondary’^ infections of the eye, ear and othei 
parts, therefore when there are manifestations of disease which may be 
dependent on some local focus of mfection, the mouth and jaws, as well 

5 Cited by Sewall Jour Am Med Assn , Sept 9, 1911, p 8G9 
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as other possible souices should he examined to discover if they may not 
hold the key to the solution of the problem 

Cervical and submaxillaiy adenitis is especially common in childien 
having diseased teeth and ]aws Frequently the glands are lemoved and 
their unsuspected cause^ alveolai abscess, left untouched OdenthaP 
found glandular swellings in 99 pei cent of all children who suffered 
from badly decayed teeth (abscessed teeth), and only 49 per cent in 
those having sound teeth 

The question which has not been answered, but must and will be. is 
What IS the bacteiiology of chionic alveolar abscess ? Wlien this question 
and the question of susceptibilit}’' and immunity are answered, we can 
bettei understand the relation which these pathological cavities in the 
maxillse bear to lesions in the heart, kidneys, lungs, joints, nerves and 
biain Here are possibilities not to be ignored Did similar abscesses 
exist in othei bones of the bod)', then presence would demand attention, 
both by the patient and by the physician Alveolar abscess is usually 
consideied inconsequential and when the attention of the profession has 
been called to it, it has general!)' excited little interest and has been 
allowed to pass as an insignificant '^gum boil ” 

Acute alveolar abscess usually manifests itself in pain, swelling, rigois 
and fever, but the chronic form often gives no evidence of its presence 
Following the subsidence of the acute attack, the patient will often be 
unaware of the continuance of the condition, but unless the tooth causing 
it IS removed, or has its pulp canal or canals disinfected and filled, the 
chronic form ensues and continues indefinitely, as it is rare that sponta- 
neous cure takes place Owing to the tortuous shapes of some root canals 
it is not possible in all cases to sterilize completely and fill them to then 
ends, and even if the roots are rendered sterile through canal disinfection 
the chronic condition is not always cured A part of the apical portion of 
the root in such abscesses is often denuded of its peridental membrane by 
suppuration Between this portion of the root divested of the soft tissue 
attachment and the adjacent granulation tissue a pocket forms which i« 
a breeding place for microorganisms that induce continuous reinfection 

The salivaiy glands are doubtless occasionally infected by bacteria 
from the mouth I have seen two cases of infection of the parotid gland 
which seemed to be traceable to an infected mouth, and several cases of 
infection of the submaxillaiy gland which could be traced to no other 
source 

It is but natural and propei that patients suffering from endocarditis, 
renal, joint and other lesions, outside the mouth, should consult the 
internist, orthopedist, or neurologist On this account the oral specialist 
has little opportunity to tabulate cases which throw any light on the 


6 Odentlial Thfirapie des maladies infectieuses, p 256 
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constit-utional relation existing between the disoiders before-mentioned 
and chrome infections in the mouth I have frequently found marked 
impiovement in the health of patients following the cure of diseased 
conditions in the mouth, but the tieatment has not usually been instituted 
with other idea than the removal of a local lesion The following case 
reports will illustrate this 

Case 1 — Some years ago, a man, a little beyond middle life, consulted me 
relative to a trivial dental lesion On making a careful examination of the 
entire oral cavity, I found several small sinuses discharging pus above the 
bicuspid teeth on one side of the upper jaw When these openings were explored 
with a sharp steel probe, a large cavity was discovered in the bone, the result 
of alveolar abscess, the presence of which was unsuspected by the patient On 
inquiring into his physical condition, I learned that for the past year he had 
had a cough, his digestion was impaired, and much of the time his temperature 
was slightly above normal He had frequently consulted his family physician, 
who examined his heart, lungs, sputum, urine and blood These gave no clue to 
the cause of his ill health His appearance indicated a toxemia I removed 
seveial teeth, curetted the abscess in the jaw and gave suitable after-treatment 
The fever at once subsided, the digestion was soon much improved and the cough 
was lessened and finally disappeared altogethei Although seemingly the patient’s 
physician had made a careful examination, he had overlooked one important 
factor, the mouth 

Case 2 — ^Mrs C , aged 30, noticed the appearance and disappearance at fre- 
quent intervals of an erythemic patch about the size of a silver quarter on the 
skin over the canine fossa On examining the mouth for a possible cause for this 
reddened condition of the skin, I found the lateral incisor pulpless There was 
no sinus, the tooth had given no trouble The only evidence of disease found in 
the mouth was a slight hyperemia of the gum over the lateral incisor root indi- 
cated The radiograph showed a pus cavity in the bone at the end of the root 
about the size of a large pea Disinfection of the root did not effect a cure 
I made an opening through the labial w'all of the alveolar abscess, excised the 
end of the root and curetted the cavity The erythemic patch on the cheek dis- 
appeared and did not return 

Case 3 — ^Mr S , aged about 25, was directed to my clinic for the treatment 
of a chronic abscess in the upper jaw in the vicinity of the incisors and cuspid 
which had proved intractable to ordinary treatment His physical condition was 
much impaired, he was emaciated, his skin was sallow, his cheeks hollow, his 
conjunctivas pale, eyes dull, and his lips lacked the color of health His tem- 
perature was slightly above normal I could elicit no history of any other illness, 
recent or otherwise The patient’s appearance gave the picture of a toxemia 
In this case likewise the sharp steel probe revealed a large cavity in the bone, 
extending from the central incisor to the first molar Oct 20, 1911, I extra c e 
the cuspid tooth and curetted the bone cavity October 27, he returned to le 
clinic much improved November 10 his color was normal, his eyes clear and Jie 
seemed to be well 

Did time permit, additional cases, sncli as Ludwig’s angina, osteomy- 
elitis and other infections and toxemias might he cited, winch were due 

to chronic diseases of the jaws and mouth 

A casual ocular examination of the mouth is not alwajs sufficient to 
demonstrate a blind alveolar abscess, since the tissues overli mg the 
abscess may not always indicate its presence, but by careful scrutiny o le 
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mouth the ej^e, aided an educated touch, a sharp steel probe and 
the radiograph, all such infected areas in the jaws may be discovered 

Since the internist is not usually familiar with all of the pathology 
of the mouth, and has not the technic and facilities for examination of 
the mouth and teeth, if the best results aie to be obtained, it is highly 
important that there should be more cooperation between internists and 
01 al specialists 

PYORRHEA ALVEOLARIS 

Pyorrhea alveolaiis so-called, or as better named by Black phagedenic 
pericementitis, is a disease strictly of the peiidental membrane It is 
verj'' common, more teeth are lost from it than from caries It is indi- 
cated by a piogressive destruction of the root membrane of the tooth 
commencing at the gingival border, generall}'’ accompanied by flow of 
pus and destruction of the alveolar walls Pus appearing at the gum 
margin is not always a sign of pyorrhea, as will be shown later The 
clinical picture of pyorrhea simulates, though it is not identical, with 
conditions brought about by indiscreet use of meicuiy 

Simple calcic inflammation of the gingiv£B due to the deposit of 
salivary or serumal tartar simulates pj^orrhea alveolaris and is mistaken 
for it If it be of the salivary type, the lime deposited is at the gum 
margins, on the necks of teeth, near the openmgs of the ducts from the 
salivary glands If of the serumal type, the lime is deposited just 
beneath the free margin of the gums, both being productive of pus 
Serumal deposits are generally found in pyorrhea pockets, but such 
deposits, when formed, are below the cervical margin of the peridental 
membrane, and the pus pockets must be there first, while serumal 
deposits in simple calcic inflammation of the gums are found under the 
gum margin, but above the occlusal attachment of the membrane In 
addition to the physical appearances in pyorrhea, in extreme cases, there 
IS always present a peculiar odor which is distinctive These are the 
chief characteristic differences between pyorrhea and calcic inflammation 
of the gums The removal of all deposits, in simple calcic gingivitis and 
calcic pericementitis, with good hygiene afterward, usually suffices for 
a cure, if the removal has not been too long delayed 

The etiology of pyorrhea alveolaris is unknown It has been attrib- 
uted to gout, tubeiculosis, syphilis, bacteria and other causes Bacterial 
examination has often been resorted to m seeking a clue to the cause 
of the disease and fungi have been found by Black, Miller and Archovej , 
which are supposed to bear a causative relation to the disease,'^ but neither 
has been able to prove the specificity of any one organism 

7 Black American System of Dentistry Miller Microorganisms of the 
Human hloutli Archovey Tr Internat Med Cong , Lond , i, 862 
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Independent of the findings of Black, Millei and Aichovey, theie aie 
indications that p3'orrhea is a parasitic disease, since almost al'wa3s pei- 
sons coming in close contact with an infected individual, as man and wife, 
contiact it Childien of paients having p30iihea, vhen the3' become 
adults, are very subject to the disease This is by no means a positive 
indication that the disease is infectious, hut is suggestive 

The great variety of oiganisms found in the pockets about teeth 
affected with p3^orihea alveolaiis lendeis the task of isolation exceed inglv 
difficult 

Owing to the teinporai3 closure of p3orihea pockets about teeth on 
extension of infection an acute condition is frequently observed It 
simulates alveolar abscess and is often mistaken for that disease Durmg 
this stage opportunit3 afforded for the greatei absoiption of baeteiial 
poisons and the escape of bacteiia into the l3mph and blood streams 
It IS to these causes that ve should most comnionh’’ expect systemic 
paiticipation fiom p3orihea, rathei than fiom the suallowmg of piw 
liberated from pyoiihea pockets, we cannot, however, ignoie the danger 
to patients from the continual swallowing of this pus Tiue pyorrhea is 
very intractable to tieatment It ma3^ be cured if taken in time, and 
lemain cured, provided the cooperation of the patient is elicited to carr3 
out pioper hygienic measures afteiuaid 

With few exceptions the attitude of the piofession towaid pyoiihea 
alveolaris, as in chronic alveolar abscess, has been one of indifference 
That it should have been supposed that such a disease may exist indefi- 
nitely and not be productive of evil is surpiising 

Osier says ® 

Of the t'wenty cases of peinicious anemia Aihicli I had uiidei obseiiation in 
1909, pyoirhea aheolaiis was piesent in more than half Ceitain types of 
nephritis are also helieied to be due to oral infection 

In the majority of extensive cases of pjoiihea alveolaiis, much puiu- 
lent matter is discharged into the mouth ]\Iost of it goes direct to the 
stomach, while some of the bacteria and their pioducts which have not 
been discharged into the mouth ma3' pass fiom the granulating walls of 
the pus pockets, thiough the Ijunph and blood channels, to all parts of 
the bodj’’ A question of pai amount importance now is Wliat effect do 
these poisons have on the system and uhat are then phj'sieal indications ^ 

22 East Washington Street 

8 Oslei Practice of Medicine, p 440 
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Foi a iiHmbei of yeais obseivations have been carried on, in 
connection with the clinic of Dr Frank Billings, at Rush Medical Col- 
lege with reference especiall}^ to chronic focal infections and associated 
s3'steinic disease The more general features and the theraiieutic results 
of this work are presented in the preceding article by Di Billings Here 
will be given chiefly some bacteiiologie and experimental data deiivcd 
largeh from a study of cases which came under his observation 

Some of the first woik undertaken had to do with genito-uiinai} 
disease and chiefly vith infections of the urinary bladder by bacteria of 
the colon group From the study of many organisms of this variety it 
has been found that they vai}’’, to a certain extent, both in morphologv 
and in cultural reactions Some are short and plump, others slender and 
long All are Gram-negative Some grow profusely on ordinary media, 
others give a scant growth A few varieties were found to grow, at 
least when first isolated, bettei under anaerobic conditions than aerobic, 
none are strictly anaerobes, all produce indol and all acidify milk peima- 
nentl3', and with few exceptions coagulate it after from twent3'’-four to 
sevent3’--two hours They vary much in the rapidity with which they 
ferment sugars, they produce gas in glucose, saccharose, lactose and 
mannite By blood-agar plate cultuies they may be divided into two 
distinct groups, hemolytic and non-hemolytic The latter are more com- 
mon Careful observations of a large number of strains have thus far 
revealed no change on cultivation with respect to hemolysis, though such 
changes without doubt have been observed by others Hemol3tie and non- 
hemolytic varieties may show no other differences In most instances 
the colon bacilli exist pure In two cases, both with hemorihage from the 
kidne3^, B coh was mixed, in one case with a Gram-positive coccus which 
simulated a staphylococcus but which lefused to grow in vaiious media 
undei either aerobic or anaerobic conditions, in the other, with a long 
unbranched thread-like Gram-positive bacillus which grew well but slov Iv 
on sugar media and which frequently formed tangled masses This 
mixed flora was observed repeatedl3’’ in both cases foi a period of mam 
months without an3'- appreciable alterations 

*Fiom the Pathological Laboratory of St Lukes Hospital 
'Read before the Chicago Medical Society, Nov 15, 1911 
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The infections of the bladdei and pi estate were associated i\itJi a 
vaiiety of clinical conditions, including ^oint-lesions, neuiitis, anemia, 
P3^elitis, etc Often the patients were also neurasthenic Blood-cultures 
and cultures from ]oint-fiuids, when possible to obtain, have never given 
positive results This fact inclines one to assume that absorbed to^ic 
substances are responsible for the general s3^mptoms 

Some interestmg points have appeared in connection with the studi 
of the serum in some of the eases Many do not reveal, at least to am 
extent, the presence of specific antibodies in the blood In others (foin 
cases) there was distinct evidence that the serum of the patient was less 
lytic to the homologous organism than noimal serum For instance, in 
one case in which the patient gave a histoiy of urinary infection for many 
years associated with hemorrhage from the right kidney, the serum had 
little or no destructive action on the infecting bacillus, whereas normal 
serum was highly bacteiicidal The agglutinating power was ml and 
the opsonic content, at first low, became high after treatment with the 
killed bacillus This loss of specific lytic power of the patients’ serum 
is interesting and deserves further study, especially in chronic infections 
with organisms of this and related groups The facts in such cases can 
best be explained by assuming that the microbe, gaining access to the 
individual, causes specific reactions in the serum, to meet which the 
microbe specifically adapts itself The microbe thus immunizes itself 
against an abnormal individual and may be still susceptible to the serum 
of a normal person This reciprocal adaptation continuing for a long 
period of time may give rise to profound changes on the pait of both 
microbe and host 

In this connection should be mentioned some cases of urinary infec- 
tion caused by a bacillus growing pure and apparently belonging to the 
hemophilic group A detailed report of these has been given in a pre- 
vious aiticle’- All attempts to grow the bacillus on media other than 
that containing hemoglobin persistently failed Its growth is scant and 
better anaerobically than aerobically It is a small. Gram-negative, non- 
motile bacillus and is distinctly, though not strongly, hemolytic in blood- 
media It differs from the influenza bacillus in being hemolytic, in not 
showing any evidence of symbiosis with other germs and also in some of 
its morphological features In two cases in which it was found the 
patients suffered from joint trouble at the time or previously, but whether 
or not it had any causal relationship could not be definitely decided It 
was non-pathogenic for animals * 

1 Davis Jour Infect Dis , 1910 vii, 599 

2 Since this article was written, C Koch (Ztschr f Geburtsh u Gyna o , 
1912, Kiv, 634) has described an apparently identical hemophilie bacillus whicJi 
he isolated from two cases of puerperal fever This bacillus a^eared in pu 
culture in the lochia at a time when the fever was at its height and for tins 
reason he believes it was the causative organism 
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Consideiable attention, especially of late, is being given to focal infec- 
tions about the moutli, nose, throat, teeth, ear and tonsils The last- 
mentioned have, indeed, for many j^ears been the object of attack and 
there is little doubt but that they deserve all the blame that they have 
received It is probably true, however, that tbe other foci mentioned have 
not been sufSciently emphasized and I think this is especially the case as 
regards lesions about the teeth and jaws This subject is discussed in the 
accompanying article by Dr Gilmer, in which the relation of such lesions 
to general or systemic conditions, such as anemia, gastro-intestinal dis- 
tuibances, arthiitis, etc, is clearly set forth and its frequency emphasized 
My own observations along this line have been limited Pyemia, septi- 
cemia, meningitis, neuritis, endocarditis, etc, as acute infections oiigi- 
nating from alveolar abscesses and infected foci about the teeth, are well- 
known oceuriences Chronic generalized or systemic infections aie rarer 
and less commonly recognized As an illustration of the latter I may 
mention briefly one rather striking case which came under observation 
A young man had been suffering for several weeks with symptoms of 
severe multiple neuritis associated with some anemia, marked emaciation 
and slight fever The joints were not involved and physical examination 
revealed no heart lesion For a long time the patient had been troubled 
with severe pyorrhea and at the time of examination the gums of the 
lower jaw were red and swollen, bled easily and on pressure abundant 
pus exuded from between the teeth and gums Smear and culture exami- 
nation of this pus revealed, in nearly pure growth, many Gram-positive 
diplococci resembling pneumococci The colonies produced a green zone 
on blood-agar and the organism acidified and coagulated milk and fer- 
mented inulin A blood-culture made by taking several cubic- centimeters 
of blood from the vein at the elbow yielded in each of three inoculated 
culture-tubes a pure growth of the same diplococcus In animals this 
organism was not highly pathogenic One broth-culture intraperitoneally 
would kill guinea-pigs in twentj^-four to forty-eight hours Two rabbits 
were inoculated repeatedly with large amounts of culture without mani- 
festing serious or fatal effects Apparently these diplococci are identical 
with the COCCI often found in endocarditis and called endocarditic cocci 
and they are also probably identical with the diplococcus almost constantly 
found about the mouth and usually called 8ti eptococcus virtdans (Schott- 
muller) I may say, too, that they appear to be the same as the diplo- 
cocci which I have found at times in the tonsillar crypts especially in 
eases of endocarditis and which I will discuss later in the paper In this 
particular case the tonsils were carefully examined and appeared to be 
normal and no suspicious foci of infection other than the teeth could be 
held accountable for the condition Unfortunately, the patient did not 
remain long under observation and the termination is not known 
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The fact that focal infections of tonsils fiequently become geneial 
and localize in vaiious parts and oigans of the body is a subject which 
seems to be attracting moie attention from jeai to year Clinically 
the relation between anginas and certain lesions like acute articular rheu- 
matism and endocarditis has long been suspected and more recenth 
kidney and other lesions bar e been noted as not infrequent complications 
of primary tonsillar infections Such complicating lesions may be acute, 
subacute or chronic About two rears ago^ I published a preliminary 
statement of some bacteriological and experimental observations with 
bacteria isolated from tonsils excised from a variet}’’ of clinical conditions 
including chronic and recurrent aithiitis, endocarditis, nephritis, recur- 
ring tonsillitis, neuritis, etc Since that time manj’- more cases have been 
studied and some fuithei facts have been noted which seem worthj of 
record 

The clinical features of cases of this trpe indicate beyond doubt the 
presence of invading organisms oi then toxic products That such cases 
associated with diseased tonsils may often be influenced favorably bi 
extirpation of these organs has been noted bj’^ many clinicians The 
bacteriolog}^, however, especially of the subacute and chrome systemic 
conditions, is in many respects incomplete and the literature abounds in 
general and indefinite statements about the vaiietj^ of bacteria in the 
tonsils Work along this line has laigelj^ been the examination of swabs 
and smears made directly from the surface of the tonsils m situ This 
surface is necessarily contaminated by bacteria from the mouth throat, 
nose, food, etc , and the great variety of bacteria reported to have been 
found here is thus at least partly explained It is evident, too, that the 
bacterial flora on the surface may be very different from that in the erjpts 
and some preliminary work on cultures taken from the surfaces and from 
the er3^pts of the same tonsils convinced me that this was an important 
point Consequently, in the study of tonsils, in practically all cases the 
cultures have been made from the surface and from the crypts of the 
extirpated tonsils and, in many instances, cultures were also taken from 
the tonsillar surface before excision and compared with those taken aftei 
In order to obtain cultures from the crypts the tonsils, as soon aftei 
excision as possible, were incised with a hot knife, thus exposing the 
depths of the erj^pts from which these smears and cultures were made In 
all cases the blood-agar plate method was used 

The tonsils, as stated above, came from a variety of clinical conditions 
which may be conveniently divided into four groups, namely, arthritides, 
nephritides, cardiac lesions and recurring and chronic tonsillitis The 
tonsils were usually hipertrophied but not in all cases In some instances 
in all groups thej'" w'^ere noimal in size or sometimes, indeed, atrophic 


3 Davis Jour Am Med Assn , 1910 Iv, 26 
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Many were submerged and when excised were found to be diseased and 
much larger than they appeared on simple inspection Their sm faces 
varied, bemg at times deep red oi piirplish-red and iiiegular, often they 
were smooth and coarsely lobular In cases with a history of repeated 
tonsillitis the connective tissue capsule and the septa were thickened and 
the crypts weie often distorted The latter frequently contained small, 
globular, cheesy, foul-smelling masses In microscopic sections aie often 
seen deep down in the crypts small aggregations of leukocytes in which 
COCCI may be found in suitably stained preparations They are laiely 
found beneatli the epithelium At times the ciypts are crowded with 
pus-cells but this is not common in the chionic cases Plasma-cells aie 
found in abundance beneath the epithelium and especially about the 
small blood'-vessels It should be stated that they are always found in 
the tonsils after the first few weeks of life legardless of the anatomic 
condition, but in h3^pertrophied and diseased tonsils they are as a iiile 
more numerous Giant-cells aie sometimes found about cholesterin 
crystals and debris and should not be mistaken for tuberculous giant- 
cells Cross-sections of small solid epithelial masses often resemble 
giant-cells also 

The results of eultuie inoculations fiom the tonsils of the vaiious 
gioups may be briefiy summarized as follows In twenty-eight cases of 
arthritis hemol3dic streptococci weie obtained in all and were predominant 
in twenty-five In many cases the growth was practically pure In two 
cases the pneumococcus was predominant and in one case the Strepto- 
coccus mucosus occurred together with a few hemolytic streptococci 
These eases of arthritis include a variety of ^oint-lesions ranging fiom 
simple joint-pains associated with tonsillitis to severe chronic joint- 
involvement In some instances the arthritis was deforming in character 
and associated at times with exudates into the joints The joint-fiuids 
and blood from these cases were invariably sterile 

The tonsils from ten cases of nephiitis ivere examined and hemolytic 
streptococci were found pure or predominant in the ciypts in nine In 
one case a small Gram-positive bacillus in nearly pure growth was found 
but was not identified These cases of nephritis veie subacute or chronic 
and several patients had developed nephritis shortly after having had colds 
or tonsillitis Some were mild, others severe, and two were hemorrhagic 
in character 

The tonsils from a series of patients with definite heart lesions weie 
examined following extirpation with interesting results Nearly all 
weie at the time suffering fyom aithritis or gave histones of having had 
it in the past and they suffered also from recurrent attacks of tonsillitis 
Two cases were malignant in character, the others were relatively mdd 
Hemolytic streptococci were found in six and weie far more numerous 
than any other organism In the remaining four, pneumococci appealed 
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in piedominating numbers and in two they were nearly pure In one 
case of fatal malignant endocarditis with pneumococci m the blood and m 
the pleural and pericardial exudates, the tonsils were only slightly 
enlarged but near the base they were very fibrous and in the depths con- 
tained small pockets filled with pus-cells and diplococci In the cultures 
from the crypts pneumococcus-like organisms grew almost pure, there 
being a few hemolytic streptococci 

The extirpated tonsils from sixt}'-one cases of tonsillar hypertrophy 
and chronic tonsillitis m which no marked systemic disease existed were 
examined In fifty, hemolytic streptococci were found in large and usually 
piedominating numbers and often praetiealty in pure growth Strepto- 
coccus mucosus was found in large numbers in one case and m six the 
white staphylococcus was moie numerous than any other organism In 
two cases the pneumococcus predommated and were mixed with a few 
hemotytic streptococci In three mstanees B mfluenzce was found in 
large numbers 

The streptococci isolated from the various groups could not be diffei- 
entiated They were all hemolytic on blood-agar plates and they acidi- 
fied and nearly alwa3s coagulated miUc The zone of hemotysis varied 
considerably, most of the strains producing a wide clear area about the 
gray colonies , a few strams gave a smaller and a slightly turbid zone and 
grew usually less luxuriantly They do not differ in their sugar or milk 
reactions or in their pathogenic properties for animals 

Forty-three strains isolated from the tonsillar crypts from the various 
chnical groups were tested on the following sugars dextrose, lactose 
mannite, raflBnose and mulm Briefl)^, they all formed acid in dextrose 
and none in raffinose and inulin All but five fermented lactose, one of 
these strains commg from a case of arthritis, the other four from cases 
of recurrent tonsillitis Eleven strains fermented mannite and thirty-two 
did not The groupmg into mannite and non-mannite fermenters has no 
evident relation whatever to the clinical condition For instance, some 
streptococci isolated from arthritis cases fermented mannite, others did 
not and the same is true with reference to the other groups When com- 
pared with streptococci from other sources (puerperal fever, erysipelas, 
empyema, scarlet fever) thej show no essential morphological or cultural 
differences 

The organisms referred to in this paper as pneumococci are Gram- 
positive, lanceolate diplococci and produce a green zone on blood-agar 
plates In liquid cultures they grow in long chams Some ferment iniilin 
and others do not, all ferment dextrose and lactose and none ferment 
mannite and raffinose These orgamsms are commonly called Strepto- 
coccus vindans (Schottmuller), but I think their more important mor- 
phological features and cultural reactions justify one in placing them in 
the pneumococcus rather than in the streptococcus group Organisms o 
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this type are found noimally on the buccal mucosa and especially on the 
surface of the tonsils I’rom the many examinations made it appeals 
that they are not commonl}'’ found in the crypts except in some cases of 
endoeaiditis in which they were found predominant in foui of ten cases 
This is interesting in view of the fact that what appears to be an identical 
organism is often found in the blood and on the heart-valves in cases of 
endocarditis Moie data aie desiied in order to confirm this point, but 
it appears that the atrium of infection for these geims in such cases may 
veil be the tonsils These cocci, it may be pointed out, are not the same 
as those found in the tonsils in acute arthritis, which are apparently 
typical hemolytic streptococci For this leason, when found in the blood 
in cases of endoeaiditis following rheumatism, as often happens, these 
pneumococci should be looked on as piobable secondaiy invaders localizing 
in the heart- valves, which weie perhaps injured during an earlier 
infection 

Attention should be called to the striking difference that exists 
between the surface and the ciypt flora in tonsils Invariably, on the sur- 
face, organisms of the pneumococcus type are found in large and predomi- 
nating numbers but mixed with a variety of other bacteria Often a few 
hemolytic streptococci may be found here in the more or less chronic cases 
In acute infections of the tonsils, however, like diphtheria and acute 
streptococcic tonsillitis, which primarily involve the surface of the tonsils, 
naturally the causal organisms will then predominate, though even there 
the normal pneumococcus-like bacteria may be found in abundance on the 
culture-plates The presence normally of these surface diplococci so 
similar to pneumococci is a fact that should always be kept in mind in 
examining throat cultures Many diagnoses of the so-called pneumo- 
coccus throats have been based, no doubt, on the presence of these diplo- 
cocci The crypts, on the other hand, as shown by the data presented 
above, contain in most cases hemolytic streptococci in large numbers often 
nearly pure, and only occasionally, and probably only in certain diseased 
conditions, do pneumococci invade tonsillar erj^pts 

Strains of organisms from the various clinical groups were inoculated 
into animals and the results are as follows Seventeen rabbits were 
inoculated with hemolytic stieptococci from the arthritic group, fifteen 
developed multiple arthritis and one developed acute endocarditis Five 
shams of pneumococci were tested and in one ease mono-articulai 
aithritis appeared, no endocarditis Bight strains of streptococci from 
the nephritic group injected into rabbits caused arthritis in all Four 
strains of streptococci from endocarditic cases caused arthritis in all, 
but no endocarditis , three pneumococcus strains from this group caused 
endocarditis in two animals but no othei lesion Seven strains of hemol- 
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ytic slie2Dtococci fiom cases of cliiomc oi leciineiit tonsillitis caused 
aitliiitis in all, four strains of pneumococcus gave negative lesults The 
lienioljtic streptococci are virulent foi guinea-pigs and a stiain which 
had ]iioduced arthritis in a rabbit, on intracaidiac injection into a 
monkej’- (Macacus iliesus), caused niultijile aithntis The animal died 
after about two weeks and the cocci veie lecoveied pure fiom the joints 
and heart’s blood 

The arthritis caused in animals by the streptococci is manifested bj 
lameness and svelling of the joints and usually appears from the thud 
to the iiftli daj after inoculation On the whole, the various strains 
isolated from the tonsils are quite unifoim in their pathogenic properties, 
a given dose in animals of uniform size usually producing similar results 
Some of the animals die in the course of one to three weeks but in many 
the joint-lesions gradually subside and the animal recovers In less 
severe eases few joints or onl}' one may be involved but usuall}'^ the 
arthritis is multiple and in some rabbits almost every joint in the body 
was attacked including the vertebial joints The carpal joints and the 
joints of the hind limbs are often the seat of localization and, on the 
whole, the various joints of the fore and hind limbs are about equally 
involved In a number of animals the process became chronic, the joints 
increasmg in size with marked destiuction of bone and joint-surfaces 
In one case subluxation occurred after six weeks Chronic joint-abscesses 
may arise in vliich streptococci in small numbers may be found in the 
glairy mucoid or mucopurulent contents and such animals often live for 
months gradually becoming emaciated and badly crippled but nevertheless 
appearing quite lively and eating normally Ultimately most of them die 
but usually without septicemia A few streptococci may be found in the 
chronic lesions, though in some instances the cultures remained sterile 
In four animals, following non-fatal injections, the joints simulated a 
deforming arthritis They became large and exostoses appeared about 
the end of the bones After several months the deformities in these 
cases giadualllj'-, and apparently entirety, disappeared 

Post-mortem examination of the animals revealed the fact that not 
infrequently in the early stages the involvement is peri-articular and 
often extends to the tendon-sheaths At times, especially in the hind 
limbs, a tendon-sheath might be involved throughout its entire length 
and the joint-cavities remain entiiely free Microscopic examination of 
sections through these involved extremities have been made in some of the 
animals It would appear from the data at hand that the organisms fir t 
localize in the subserous structures about the joints, forming sma 
infected foci which later break into the cavities The exudate m t le 
joints earty is glairi^ and mucoid, but soon becomes pmulent and contain- 
large numbers of potynuclear cells and streptococci Usualty abunc an 
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phagocytosis of this organism in the exudate is noted After a week or 
longer in some rabbits^, but not in all, the exudate may become thick and 
pasty Streptococci can oidinarily be leadily grown from these ]Oint- 
exudates, but a few exceptions have been noted In one case, in an animal 
that died on the fifth day with definite arthritis, the cocci could be seen 
in the leukoc3des, but careful cultures on blood-media gave no growth 
In two other instances, though the involvement of the joint was unmis- 
takable, no organisms grew in the cultuies 

In the bodies of the inoculated animals careful search was made for 
other lesions, especially endocarditis In onlj one instance following 
inoculation with hemolytic streptococci was a lesion found, vegetative in 
chaiacter, on the tricuspid valve This was not extensive, but was definite 
and was produced by a strain isolated originally fiom the crj'-pts of tonsils 
in a case of multiple aithritis The joints of the animal were also 
involved, but theie was no other localization The organisms weie 
recovered fiom the heart’s blood Pericarditis was not found in an}* 
instance 

As stated above, in tv^o instances pneumococci produced an endo- 
caiditis In one case by intiacardiac injection a veiy extensive mitral 
endocarditis developed in an animal associated with typical large lenal 
infaicts and septicemia, but without jomt-lesions This organism, which 
feimented inulin and gave the tj^pieal green zone on blood-agai, was 
isolated from the depth of a tonsil from a case of severe multiple arthritis 
not associated at the time, so far as could be determined clinically, with 
heait lesions In this case also stieptococci weie abundant in the tonsils, 
and on intravenous inoculation into an animal produced arthritis In 
the second case a definite but less extensive mitral endocaiditis was pro- 
duced bj'’ intravenous injection with a pneumococcus fiom the cijqits of 
the tonsils in a ease of recurrent tonsillitis associated with endocarditis 
Prom the valvular lesions the organism was recoveied pure It did not, 
even in huge doses, produce arthritis in animals 

The mere fact that the various strains of stieptococci from tonsils 
can cause joint-lesions in animals is peihaps in itself not of gieat signifi- 
cance It has been shown by Cole, Harris, Beattie and others that strepto- 
cocci from various sources will produce arthritis in animals Indeed, 
hemolj'tic streptococci from the normal throat maj’’ do so, as I have mj'self 
demonstrated It is therefore not suipnsing that stiains from the various 
clinical groups appear to be identical and behave alike when injected into 
animals It is possible that the reason why m one individual streptococci 
causes aithntis, and in anothei nephritis lies in the vaiying local suscep- 
tibility of the organs of the individual lather than in anv peculiai 
spccificitj'^ of the infecting cocci 
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The therapeutic results following tonsil extirpation in this senes of 
cases are, on the whole, distmctty favoiable 0th ei observers^ have 

obtained similai results in aithritis, nephritis, heart lesions, toxemias, 
etc The theiapeutic results piobabty furnish the best argument we have, 
at present at least, in favor of the idea that the cause of these sj^stemic 
conditions lies in infected tonsils Since in such infected tonsils theie 
are found so often virulent hemoljdic streptococci, an organism as we 
Imow prone to attack serous surfaces generally, and no evidence, so far 
as our present technical methods indicate, of any other significant germ, 
one would seem justified in at least considering this organism a very 
suspicious etiological agent 
1541 East Sixty-Eirst Street 

3 Curschmarm and Scbichhold Munchen med Wclinsclir , 1910, Ivii, 281 



PAEASITIC AMEBAS IN THE INTESTINE OE MAN, WITH 
A STUDY OE THE PEOTOZOA EOUND IN' THE 
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SOUTHERN UNITED STATES 

PEELLMINART NOTE 
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Duiing the past few yeais, the parasitic protozoa have received a 
great deal of attention, and now the list of diseases known to be caused 
by protozoa has become a long one Through all of this, the question 
has frequently been raised whethei the protozoa found in ceitain diseases 
were really the cause of the disease or whether they were harmless para- 
sites, their finding being purely coincidental 

And nowhere has the question of pathogenicit}’- or non-pathogenicity 
been raised more frequently than in connection with the parasitic protozoa 
in the intestine of man Thus, very recently, one worker has studied the 
stools and the intestinal lesions in a series of cases of amebic dysentery, 
and on the basis of this study he maintains that amebas do not cause 
dysentery, but that their presence, even in the ulcers and in the tissues, 
IS purely accidental On the other hand, we have the men who consider 
that all amebas are, or ma}’’ become, pathogenic when taken into the 
intestinal tract of man 

The question of the pathogenicity or non-pathogenicity of the fiagel- 
lata found in the intestine of man is not yet settled to the satisfaction of 
everjEody Early workers had shown conclusively that both pathogenic 
and non-pathogenic amebas were parasitic in the intestine of man, but it 
remained for Schaudinn to show how it was possible to distinguish 
between the two He described a non-pathogenie ameba — Entamoeba 
coll — commonl}’’ parasitic in the intestine of man, and a pathogenic 
ameba — Entamoeba histolytica — found as the cause of djsentery m man 
His work was accepted, and E coh was shown to be a very common para- 
site in the intestine of healthy men in all parts of the world E histo- 
lytica was generally the ameba found in dysentery, though there have 
been occasional reports of E coh in amebic djsentery and in liver 
abscesses 

But a later contribution to the study of the amebas parasitic m the 
intestine of man has not received the attention that it merits in this 
country Schaudinn was awaie that there was a third ameba parasitic 



516 


TEE ARCEIVES OF INTERNAL M EDWIN E 

in the intestine of man, but his untimely death left it for his pupil, 
Viereck, to work out this ameba and to give it the name Entamoiba 
teiragena on account of the cyst with four nuclei 

Almost at the same time, Hartmann described a dysentery ameba 
found in the stools of cases of dysentery from Africa, but as he had only 
vegetative forms of the ameba to work with, he did not see the cysts 
with four nuclei, and so called his ameba Entamoeba afiicana Soon after 
this, Hartmann had a chance to work over some of Viereck’s pieparations, 

and he found that E africana was E tetiagena, so africana fell as a 
species name 

E teiragena resembles E MsiolyUca in the living state in that when 
at rest theie is a distinct separation into ectoplasm and entoplasm, wliile 
it resembles E coh in that the nucleus has a distinct nuclear membrane 
and is plamly visible in the living state 

In the vegetative forms of E tetiagena the nucleus, when properly 
stained, shows a central car3msome of variable size in which one can see 
a centriole There is a bright zone around the caryosome, and this zone 
is marked ofE from the outer nuclear zone by a granular zone which is 
the original boundary of the car3msome One often sees two such zones 
placed one inside the other This distinct appearance of the c3'^clic change 
in the caryosome is very characteristic for E teiragena Indeed, 
Hartmann had only vegetative amebas to work with when he described 
his new ameba, and the most important point was this appearance of the 
nucleus 

But teiragena is distinctly marked off from both coh and lixstolytica 
in its cyst formation — the cyst with the dense sausage-shaped chromidia 
and four nuclei 

There is one great source of error Under the conditions that cause 
tetiagena to encyst, there are always a great many degeneiating amebas 
in which the nucleus is in all stages of disintegration, and great care is 
necessary in order not to misinterpret such findings Again, at this time 
the chromatin is passing off from the nucleus into the plasma to form the 
chromidia, and such an appearance ma3'' easily be mistaken for the nuclear 
change which takes place in histolytica preparatory to budding Last 
winter, while working in Professor Hartmann’s laboratory, I had an 
opportunity to study the original preparations from a case of amebic 
d3’^sentery that has been figured and described in some German text-books 
as a case of E histolytica infection Stud}'^ of some sections freshly 
stained with non hematoxylin showed that this was a case of E tetiagena 
infection 

Strangely enough, the common parasitic ameba of the intestine of the 
frog {E ranarum) resembles E teiragena and forms a cyst with four 


EUGENE R WHITMORE 


517 


nuclei, while the common parasitic ameba of the intestine of the mouse 
{E muns) resembles E coh very closely and forms a cyst with eight 
nuclei 

Prowazek has recently described a new ameba from Samoa It resem- 
bles coll very closely, but he finds sufficient differences to make it a new 
specie'! 

Since the description of E tetiagena, it has been found to be the 
common dj^senteiy ameba in all parts of the world in which it has been 
studied, while E lustohjtica is found to be rare as a cause of dysentery 
Hartmann sa3fs of E tetragena that ffit is far the more frequent of the 
two dysentery amebas (South America, Africa, India, etc ) and again, 
he says of E histolytica that "as a rule it is met with only in cases of 
djsenteiy from East Asia” 

E tetmgena has been shown to be a cause of dysentery in China, 
French Indo-China, the Philippine Islands and Japan {Entamoeba 
nipponica is undoubtedly E tetiagena ) , and in the large amount of 
material which I took to Berlin with me from Manila and Saigon, there 
was not a ease of E histolytica infection, all being tetragena oi coh 
I^'liether it happened that I did not get the cases of histolytica infection 
in collecting my material m Manila, or whether histolytica is rarer as 
a cause of dysentery in Manila than it was a few years ago, I am unable 
to say 

The great frequency of certain paiasitic protozoa in the intestine of 
healthy men in the tropics is well known, but as is usual, it has not been 
so veil worked out in the southern part of our own country 

King studied the prevalence of amebic dysentery in the southern 
United States, and fiom the information gathered by him, he decides 
that it is a rare disease here 

E histolytica is generally the parasite found in the cases of amebic 
dysentery collected by King, though in a few cases E coh is reported 
as the parasite found 

E tetragena resembles E coh very closely, and undoubted!}’’ the cases 
of dysentery and liver abscess in which E coh is reported as the cause are 
cases in which E tetiagena has been mistaken foi E coh or in which 
E coh was present in addition to the dysentery ameba Again, since 
E coh is a very common parasite in the intestine of healthy persons in 
tropical and subtropical regions, it is possible that some of these cases 
weie of bacillary or other origin, and the finding of E coh was purely 
coincidental 

An interesting case of this nature has occurred in my series here A 
young woman had a typical case of typhoid fever with positive blood 
culture and positive Widal She had mild diarrhea throughout her 
attack of typhoid Her stool was examined during this time and found 
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to contaiB niimeious vegetative forms and a feiv incomplete cj^sts of 
E coh, and literall} to swarm with TiicJiomonas mtesUnahs Since her 
recover-^ hei bowel movements are noimal but C3sts of E coh and of 
T inteshnahs aie still present in abundance Another interesting point 
in this case vas that many of the vegetative aniebas contained, besides 
the nucleus, from one to several spheiieal bodies that might have been 
mistaken for red blood-cells, except that they were colorless Stained 
with iron hematox3lin, these bodies proved to be ci^sts of T intestmahs 
which had been ingested by the amebas 

King further found that amebas veie not 1013 commonly seen in 
routine examination of stools, thus in the lecent examination of 407 
stools of the inmates of the Florida Insane As3lum located at Chatta- 
hoochee, amebas were not once demonstrable 

In order to add a little to the subject, I have undertaken the routine 
examination of the stools of the persons living in a settlement near here 
These people are mostlj'- negroes, and all are living ^^close to nature ” 

In the exammation, several fresh smears from each stool are exam- 
ined, and when an3'’ protozoa are found, smears are fixed with sublimate- 
alcohol and stained with iron hematox3din m the usual way The final 
identification of the protozoa is made from these stained preparations 
In the stools of the first 100 persons examined. I found E coh fiftj’’- 
seven times and T mtestinahs fort3'’-two times, the two parasites being 
together twenty-six times Strangel3, Lamhha was not found at all, and 
none of the rarer parasitic protozoa — Pioiuazehm, Balaniidtim 01 
Nyctotherus — was found 

Different observers have found amebas with or without intestinal 
ulceis in cases of pellagra, and the question of a lelationship between 
pellagra and parasitic amebas has been raised 

I have recentl3'’ had opportunityr to study the stools of two cases of 
pellagra Amebas were present m the stools of both cases and in both 
cases they proved to be E coh Trichomonas mtestinahs was also present 
in the stools of one case Both of these patients had severe diarrhea 
one of them having as man3’^ as thirty bowel movements m twenty-four 
hours The latter patient died but a neciopsy was not allowed 

My finding in these two cases of pellagra shows that it is not sufficient 
to find amebas in eases of pellagra, it is necessarj'' to determine what 
species of ameba is present, by the studj'' of properly fixed and stained 
specimens, before anjthmg definite can be learned regarding the relation 

ship between pellagra and parasitic amebas 

M}’’ finding of so high a percentage of infections with E coh an 
T mtestinahs in health}'’ men seems to be rather out of accord with e 
findmgs of other workers in the southern Dnited States, but from w a 
ue know of the finding for tropical and subtropical countiies in 
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this high peicentage of infections is lathei to he expected Whethei a 
laiger nuinhei of examinations will reduce this percentage, or whethei 
I have merely found a settlement where over half of the people are 
infected with E coli, can only be deteimined by further work The work 
will be continued and at a later date I shall hope to give the percentage 
of infections for a larger series of cases 

From the known wide distribution of E tetmgena as a cause of 
dysenter}", it is very probable that it is the cause of at least a part of the 
amebic dysentery in the United States, aside from the cases of this mf ac- 
tion which aie brought from the Philippine Islands and from South 
Ameiica This is rendered all the moie probable by the cases collected 
bj’’ King, in which E coh is leported as the cause of amebic dysentery 
and liver abscess, as these cases must have been eases of E tetiagena 
infection 

SUMMARY 

As this IS a preliminary note, it is not safe to draw any conclusions 
until more work is done, but the work may be summed up in a few 
paragraphs, the points in which seem to be justified 

1 Entamoeba coh and Tiichomonas miesUndhs are common parasites 
in the intestinal tract of healthy man in this part of Florida 

2 The finding of parasitic amebas and flagellates in the intestinal 
tract in cases of pellagra is purelj’’ coincidental The parasites have 
nothing to do with the disease 

3 It is necessary to study stained specimens of every protozoon found 
in the intestine of man, before determining the species of the protozoon 
and the question of its connection with disease 

4 It IS very probable that E tetragena is the cause of at least a pait 
of the amebic dysenterj'- in the United States ^ 

1 Since writing the above, I have found E ietiagena in the stools of two 
colored persons who are suffering from dysentery and who have always lived here 
I have also leceived a letter from Captain Craig, in which he informs me that 
he has found E tetragena in material from Illinois, and E tetragena has been 
reported, as a cause of dysentery in the United States, from the Majms’ laboratory 
at Rochester, Minn 
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The theoretical conception on which the luetin test is based is one 
which many investigatois must have had in mind before Hoguchi made 
its realization possible by discovering a means of growing the Treponema 
pallidum in pure culture Por instance, in an article on ^^Allerg)^/’ von 
Pirquet had prophesied 

I personally feel quite sine that it ivill be possible to make the diagnosis of 
syphilis by cutaneous and subcutaneous inoculation as soon as the syphilis virus 
can be obtained in pure cultures^ 

In the hope of obtaining a characteristic cutaneous leaction in sjphihs 
various investigators abioad, as well as Schoenberg^ of Hew York, inocu- 
lated or applied extracts of syphilitic tissues, but the results were often 
contradictory and always unsatisfactory After many fruitless efforts 
with various culture mediums, Hoguehi finally discovered that when strict 
anaerobiosis and a medium consisting of serum water to which is added 
sterile tissue from the rabbit’s testicle or ladney are employed, the 
Tieponema pallidum can be cultivated in a pure state® Hoguchi next 
cultivated anaerobically tv o strains of the isolated spirochetes, emplo 3 ung 
for that purpose ascitic fluid and ascitic-fluid-agar, both containing a 
piece of sterile placenta By grinding in a mortar the agar columns 
containing innumerable spirochetes, and diluting the resulting paste with 
the inoculated fluid culture, an emulsion was prepared to which, after it 
had been heated for one hour to 60 C , 0 6 per cent of phenol was added 
This emulsion, which Hoguchi named luetin, is a slightly viscid, opales- 
cent, sterile fluid which under the dark-field microscope revealed fiom 
forty to 100 dead pallida per field Hoguchi also prepared for use as a 
control a sterile carbolized emulsion, exactly the same as the above with 
the exception that it vas not inoculated with the pallidum Both emul- 
sions are to be kept in a refiigeiatoi when not in use 

*Eead in the Section on Medicine, New York Academy of Medicine, Dec 
19, 1911 

1 Von Pirquet, C E Allergy, The Archives Int Med , 1911, vii, 28S 

2 Schoenberg, M J, and Burcbill, E A Few Suggestive Experiments foi a 

Cutaneous Reaction for the Diagnosis of Syphilis, New York Me Joui , > 

3 Noguchi, Hideyo A Method for the Pure Cultnation of Pathogenic Trepo- 
nema Pallidum, Jour Exper Med , 1911, xiv, 99 
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N'oguchi now performed inoculation experiments first in syphilitic 
rabbits and later in human beings The method of preparation of the 
luetin, the specific cutaneous reaction obtained therewith in suitable 
cases and the simple technics employed are fully described in hToguchfis 
recent article * 

The only one who has thus far had a considerable practical experience 
with the luetin test, besides Dr Noguchi, is Dr Martin Cohen, who at 
the outset was supplied with the emulsions and who has performed the 
test during the past six months in over 200 cases , I wish to express my 
indebtedness to Dr Cohen for the privilege of observing many of the 
tests and also for having pei formed it on a number of my patients 

Technic of Inti adei maiic Injections — Employing a glass syringe with 
a fine sharp needle, the control emulsion is injected into the cleansed 
skin of the foiearm or arm on one side and the luetin injected at a 
corresponding site on the opposite side The needle is made to enter 
the skin just beneath the epidermis and one drop (about 01 c c ) is 
injected so as to produce a pale swelling which usually disappears within 
twenty minutes 

Local Appearances — At both sites, in normal individuals and in 
negative tests, besides the minute trauma due to the needle, there results 
an erythematous halo which seldom lasts longer than forty-eight hours 
and has usually receded within twenty-four hours There is no indura- 
tion and there remains only an ecchymotic area due to the trauma 

In positive reactions, on the other hand, the luetin can produce a 
variety of effects which can be classified as follows 

1 Erythema with induration This mildest type of reaction appears 
in from twenty-four to twenty-eight hours, when it either develops into 
the next form or undergoes letrogression, when the latter occurs the 
induration persists for a variable period 

2 Papular Eorm After twenty-four to forty-eight hours the redness 
and induration increase for three or four daj’^s till a papule from 5 to 
20 mm in diameter has been formed This papule exhibits areolar 
telangiectasis and, in case the inflammation now subsides, persistent 
induration , but it frequently develops into the following form 

3 Pustular Form On the fourth or fifth day the papule develops a 
central area of suppuration with subsequent rupture and extrusion of 
seropurulent fluid 

4 Torpid Eoim In ten daj^s or more, after the luetin test has appar- 
ently been negative, a small papule or pustule develops at the luetin site 

Occasionally a rectal temperature of 100 E , slight malaise and mild 
gastro-intestinal disturbance are observed during the development of the 

4 Noguchi, Hideyo A Cutaneous Reaction in Syphilis, Jour Exper Med, 
leil, XIV, 557 
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local inflammation, but as a rule there is no maiked constitutional reac- 
tion even in markedly positive cases Apparently the test is harmless, 
it having thus fai (Dee 15 , 1911 ) been employed in ovei 650 cases 
without any ill-effects 

An interesting question is whethei the modus operandi of the result- 
ing local lesponse in positive cases is the same with luetin as it is with 
Old Tuberculin, i e , an anaph3dactic phenomenon There is some evi- 
dence in favor of this view, on giving successive luetin inoculations m 
the same individual there is sometimes a flare-up at the site of the oiiginal 
infection, again, the luetin test is generall}^ negative in primary and 
secondai} S3philis On the othei hand, the reaction might be due to 
a pathologically sensitive condition of the skin resulting from preiious 
selectno activity of the S3philitic poison, in other woids, a condition of 
cutaneous hypersensitiveness which is not 113 persusceptibility in the 
anaph3 lactic sense Though ifoguchi believes otherwise, he mentions, 
as a possible explanation of the reaction, this peculiar susceptibility of 
the skm of syphilitics to tiaumatic irritation, which has been spoken of 
by Neisser as Umstimmnng hToguchi and Cohen have observed inde- 
pendentl3’’ that occasionall3 a positive luetin test in S3^philis is accom- 
panied by a reaction at the control site, but that the control reaction is 
always of lesser intensity and is not followed aftei recession of the 
inflammation by the characteristic induiation which persists at the luetin 
site for a variable but considerable period 

Be this question as it ma3'', the practical lesults from the two tests 
which are theoretically analogous are likely to be ver3" diffeient Let us 
for a moment consider the negative side of the question and compare the 
lesults obtained with Old Tuberculin moculated into the skin of non- 
tuberculous patients, and the results which Cohen has obtained with 
luetin injected intradermatically in non-syphilitic cases It is well known 
that the von Pirquet test is of litle practical value in adults for the reason 
that so many adults have been previousl}’^ sensitized by some tuberculous 
infection, from a recent exhaustive study of the tuberculin test at Johns 
Hopkins, Hamman and Wolman reported 57 per cent of positive von 
Piiquet reactions in apparently non-tuberculous adults'' In Cohens 
patients, who were clinically and serologicall}’’ non-sj philitic and who 
were suffering from minor ailments or various mfectious diseases other 
than s3philis, the luetin tests were regularly negative Hoguchi and 
Cohen have reported that in fifty normal individuals, fortj^-seven of the 
luetin tests were absolutely negative and three gave mild and atypica 
inflammatory responses easilj distinguishable from positive reactions 
Consequently, on the one hand, in non-tuberculous individuals, theie vere 


5 Hamman, L and Wolman, S 
Tests in the Diagnosis of Pulmonarj 
in, 307, 1910, VI, 690 


The Cutaneous and Con]uncti\a] Tuberculin 
Tuberculosis liiF Arcuives Ixt Med , 1900, 
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57 per cent positive von Pirquet leaetions, on the othei hand, in non- 
syphilitic individuals, there were eonstantlj^ negative luetm tests Appai- 
entl}^, therefore, the test is of considerable negative value 

As to the positive value of the test, it has raiety been positive in 
primary syphilis, inconstantly m secondary sjphilis, and seldom in paia- 
syphilitic conditions Fortunately the very stages of syphilis in which 
such a diagnostic aid is most needed reveal the most marked and constant 
reactions, namely, hereditary and tertiary syphilis hToguchi reports more 
than 90 per cent of positive leactions in latent and manifest tertiary 
sjqihilis and in congenital sj^philis Syphilis being a frequent causative 
factor in certain 63 e diseases, notably interstitial keiatitis, Cohen® per- 
formed the test in sixty ophthalmologieal cases either suspected of being 
01 known to be S 3 ^philitic, and compared the results with the clinical 
evidence and "Wassermann reaction He found that the test corre- 
sponded m 76% per cent of the eases eithei with the Wasseimann and 
clinical evidence together or with one of these factors of comparison 
separately One important obseivation which Cohen made in the course 
of these studies was that in a number of cases in which negative Wasser- 
mann reactions were piesumabl}'’ the result of recent treatment, the luetm 
test was positive To what extent the test can be utilized to determine 
whether a syphilitic infection has been permanently suppressed is not 
definitely known as yet That the Wassermann reaction is inadequate 
for this purpose is proved by the following experience 

A New York physician whose accidental extragenital infection occuiied in 
1905 was energetically tieated with salicylate injections for four years For two 
years more the Wassermann test, made at intervals of six months, was always 
negative, nevertheless a gumma of the tongue developed three months ago, the 
Wassermann becoming positive at this time On intravenous administration of 
salvarsan the tumor promptly retrograded, and at the present time, after two 
months of mercuiial treatment, the Wassermann reaction and luetm test are both 
negative 

In another case (W A W ) of manifest teitiary syphilis successfully tieated 
with salvarsan and mercury, the Wassermann reaction and luetm test are both 
negative 

In a case (D L D ) of virulent syphilitic infection of two years’ duration, m 
Avhich there have been relapses despite prolonged admmisti ation of mercury and 
two injections of salvarsan, the Wasseimann test (taken while the patient was 
under mercurial treatment) is still positive and the luetm test negative 

According to Martin Cohen, who has had similar results in several 
of his own patients, owing to the virulence of the infection anaphylaxis 
has not become established in the case last mentioned Were the infection 
to respond to treatment the Wassermann should become negative and the 
luetm test positive , were the patient to be finall} cured, both tests should 
be negative 


6 Cohen, Martin Noguchi’s Cutaneous Luetm Reaction and Its Application 
in Ophthalmology, Arch Ophth , 1912, xli, S 
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In conclusion it ma}' be said that if the harmlessness of the procedure 
and if the lesults thus far obtained are confirmed by other observers, the 
reaction is of considerable practical importance and likely to have far- 
reaching consequences in the future diagnosis of syphilis 

SDMarABl 

1 The luetin test is a simple haimless procedure consisting essentiallj 
of the intiadeimatie injection of a caibolized emulsion contaming dead 
Spiioclicoice palhdcB 

2 The reaction is negatne in noimal and non-s} philitic individuals 
and in various diseases including tubeiculosis, pneumonia, tj^hoid fever, 
malaria, carcinoma, eczema and psoriasis (IStoguchi) 

3 The test can alread}" be accepted as of considerable negative value 
As compared ivitli the von Pirquet leaction, the latter gives more than 
50 per cent positive reactions in apparentlj’- non-tuberculous adults, 
whereas the luetin test is constantly negative in both adults and children 
who are clinically and serologically non-syphilitic 

4 The positive value of the test appears to be more limited A 
positive reaction is rarely obtained in primary syphilis and inconstantl) 
in secondary syphilis hToguchi found the test unsatisfactory in paia- 
sj'philitic conditions Wliethei the negative reactions usually obtained 
in patients practically cured of syphilis indicate lasting suppression of 
the disease remains to be determined 

In lieieditar}^ and tertiary S 3 '’philis, however, Hoguchi obtained positive 
reactions in more than 90 per cent of the cases 

According to Martin Cohen’s studies, in eye affections supposedli 
svphihtic in etiology, the leaction corresponds with the clinical evidence 
or with the Wassermann reaction in 76% per cent of cases In a number 
of Cohen’s cases in which negative Wassermann reactions were presu- 
mablv due to recent treatment, the luetin test v as positive 
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THE DIAGNOSIS OF COMPLETE ABSENCE OF PANCEE- 
ATIC SECEETION FEOM THE INTESTINE, 
WITH THE EESULTS OP DIGESTION 
AND ABSOEPTION EXPEEIMENTS '■ 

WILDER TILESTON, MD 

NEIV HAVEN, CONN 

The absence of pancreatic secietion is due, in the great majority of 
instances, to ohsti notion of the pancreatic ducts, rarely to atrophy of 
the secretive cells It is the purpose of the first part of this article to 
show that while the diagnosis of many diseases of the pancreas is difiScult, 
that of complete absence of the secretion is usually an easy matter without 
the use of time-consuming laboratory measures, simply by the inspection 
and microscopical examination of the feces The second part will deal 
with my results in digestion and absorption experiments undertaken in 
cases of exclusion of the pancreatic juice from the intestine, both with 
and without icteius, with the effect of the administration of pancreatic 
preparations, and of hj^drochloric acid in this condition, with the litera- 
ture of the subject and the conclusions that may be drawn from such 
work There will be also a discussion of the Sahli and the Schmidt 
nucleus tests 

I DIAGIfOSIS BY EXAMIIfATIOl^^ OF TEE FECES 

The important points in the diagnosis are the following the presence 
of macroscopic masses of fat in the feces, the bulk of the stools, the find- 
ing of microscopic globules of neutral fat in large numbers, and the 
presence of creatonhea It will be well to discuss each of these features 
in detail 

I THE PEESENOE OF MASSES OF FAT VISIBLE TO THE HAKED EYE 

The fat may present various appearances, the most striking of which 
IS seen in the so-called ‘fi)utter” stools, in vhicli considerable amounts 
of liquid neutral fat which congeal at room temperature and look like 
butter or the yolk of egg are passed with the stool, but not incorporated 
in it In two cases I have found small masses resembling pus, which 

*Read before the Association of American Plivsicians, May 9, 1911 That 
pait of the work relating to Case 1 nas done under a grant from the Dalton 
Scholarship Fund 
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proved on microscopical e.vamination to consist entirely of neutral fat 
globules A tbiid form, less common and less important, consists of 
small white crumbly masses These consist, according to von Noorden, 
of fats with high melting-points They were present in only one of my 
cases 

Macroscopic fat in the feces has long been Imown as a sign of 
pancreatic disease, but has usually been considered as of rare occmrenee 
This, however, is very far fiom being the ease, as I pointed out^ m 1909 
No less than five out of the six cases forming the basis of the present 
article showed macioscopie fat in the feces — thiee m the shape of butter- 
stools and the other two as creamy masses For its detection it is neces- 
sary only that the stools be examined frequently while the patient is on 
a diet fairly rich in fat (preferabty in the shape of butter, cream, eggs 
or olive oil), and that the stools when formed should be cut across with 
a Icnife, as tlie fat is sometimes in the interior of the stool when there 
is none on the outside 

The presence of macroscopic fat in the feces must be very nearly 
pathognomonic of absence of pancreatic juice from the mtestine, for I 
have encountered no case either in the literature or my own experience, 
in which it was noted without disease of the pancreas In icterus and m 
diarrhea there may be large amounts of fat in the feces, but it is inti- 
mately mmgled with the stool, and does not occur, so far as I can ascer- 
tain, in the form of separate masses of gross fat 


II BULKY STOOLS 

The increased size of the movements is a very striking feature Owing 
to the large amount of fat and protein that escapes digestion, the stools 
are very large, and usually mushy The total quantity m twenty-four 
hours reaches 500 or even 1,000 gm , as against 85 gm in the normal 
person, weighed fresh The weight of the dried stools is also very mark- 
edty increased, being 133 gm in twenty-four hours in Case 1 of my series, 
while the normal amount is about 20 gm There may he also increased 
frequency, three to five movements in twentj'^-four hours being not uncom 
mon, but the condition differs from true diarrhea in that the water conten 
is normal or even decreased The mushy consistency is therefore ue 
to the large amount of fat present The color ranges from white or 
putty-color to a light yellow, and is likewise due to the fat 


III THE PEESEKCE OF MICEOSCOFIC KEUTBAL EAT IK LARGE AMOUNTS 
The finding of great numbers of globules of neutral fat, especially 
if many of them are very large, like those seen in cream, is ^ , 

of pancreatic disease It is necessary, however, to exc u e larr 

1 MestOT, W A Be».ew of Becmt Wort on the Pmcreas, Albmy 
Ann , 1909, xxx, 619 
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diseases, which may also show an excess of neutial fat This can be done 
usually by the lack of a watery charactei of the discharges and by meas- 
uring the time of passage of the stool through the alimentary canal, the 
time being normal in pancreatic disease (about twenty-four hours), and 
shortened in diarrhea The time of passage is readily ascertained by 
noting the time of appearance of the first red stool after the administra- 
tion of 5 gm of carmin in capsule 

In tuberculosis of the peritoneum or of the mesenteric glands there 
may be interference with the absorption of fat, and the stools may be 
clay-colored from excess of fat The microscopic appearances of the feces 
have not been described in a sufficiently large number of these cases to 
justify definite rules, but in the few eases reported the neutral fat has 
not been increased 

IV CEEATOEEHEA, OK THE PKESEHCE OP UNDIGESTED MUSCLE PIBEES 

This condition is very often called azotorrhea, but creatorrhea (/cp&y 
meat) is a more accurate term normally only a few muscle-fibers are 
found in the feces, and they aie partially digested so that the striations 
are lost Wliere the pancreatic juice is deficient it is the rule to find 
muscle-fibers in great numbers , they are in an undigested state, as shown 
by the preservation of the cross striations, and may appear in bundles 
Less frequently there are small bits of meat visible to the naked eye 
Large numbers of muscle-fibeis may be found also in the diarrheal 
diseases, which aie to be excluded in the way indicated in the preceding 
paragraph The absence of creatorrhea has been repoited in a few cases 
of closure of the pancreatic ducts, but is quite exceptional I have never 
met with such a case, provided that the patient was willing to eat meat 

By these simple examinations, all of which can be carried out by the 
general practitioner, it is almost always possible to determine the absence 
of pancreatic juice from the intestine The presence of j'aundice does 
not seriously interfere, for in obstruction of the common duct without 
involvement of the pancreatic ducts, ‘diutter” stools and creatorihea aie 
absent, and microscopic neutial fat is not present in large amount The 
cause of the lack of pancreatic secretion is to be detei mined from a study 
of the clinical picture of the case Most frequently it is a carcinoma 
involving the head of the pancreas or the duodenum in the neighborhood 
of the papilla of Vater, and here theie usually will be jaundice and dila- 
tation of the gall-bladder if the disease has lasted a considerable time 
Gtycosuiia is lare If theie is a history of attacks of true colic situated 
in the epigastrium, and there is sugar in the urine, a stone in the duct of 
Wirsung IS the probable diagnosis, provided that gall-stones can be 
excluded, though the possibility of subacute recurring pancreatitis must 
be considered I have noted, in a case of stone in the cjstic duct with 
icterus, the presence of small amounts of glucose m the urine, which 
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disappeaied after remoTai of the gall-stone A histoi 3 of pievions acute 
iiemorrhagic pancieatitis may indicate destiuction of the secretmcr tissue 
as the cause If icteins is absent oi time is only paitial obstruction of 
the bile-duct chronic pancieatitis is the most likely condition It should 
e oine in mind that emaciation is common m benign diseases of the 
panel eas and theiefore does not necessaiil} indicate malignanci espe- 
cially If theio IS a histoiv of previous attacks of biliaiy colic 

II DIGESTION AND ABSORPTION 

My digestion and absorption expeiiments were undertaken vith the 
view of studying the total absorption of fat and nitiogen, and the amount 
of fat-splitting and saponification in cases in which no pancieatic juice 
leached the intestine I also studied in one such case the effect on absorp- 
tion of pancreatic pieparations, and of large doses of hydrochloric acid 
and pepsin The chemical examination of the stools without a Imowledge 
of the intake, and paiticularly the anal} sis of single specimens, mav be 
very misleading, as a high percentage of fat m the stool ma} be associated 
with little fat loss, if the bulk of the excieta is not gieat It is theiefore 
important to study not only the amount of fat and of fat-splittmg in tbe 
stool, but also the total absorption of fat, vhich has not alwa}S been done 
in the past It u as not attempted to estimate the amount of caibohjdiates 
in the feces because theie is no satisfactory method of doing this^ but the 
stools were tested qualitatively foi starch by the lodin method 

The food was all weighed oi measured In Case 1 an aliquot part of 
each dish was saved for analysis, and all the aliquot parts were dried 
together over a watei-bath, very carefull} mixed, and analyzed for fats, 
proteins and ash The fat was determined by chloroform extraction in 
the Soxhlet apparatus, the protein by calculation from the mtiogen con- 
tent as found by the Kjeldahl method The carbohydrates were deter- 
mined by difference In the remaining cases the diet consisted of milk 
a.nd eggs , the fat content of the milk was determined daily by means of 
the Babcock machine, while the protein was calculated from the average 
of a number of Kjeldahl determinations The eggs were weighed without 
the shells and the fat and piotein content calculated from Konig’s tables 
The stools were marked off with charcoal or caimin in the usual wai. 
and the greatest care was taken to guard against error, in fact nioie 
than one experiment was repeated because a stool was thrown awaj by 
mistake by an attendant or because the demarcation was not satisfactorj 
The stools for the whole period were mixed with alcohol and dried ovei 
a water-bath for at least forty-eight hours The feces were then put m 
an air-tight jar and preserved for analysis At first I attempted to dry 
the portion intended for analysis to constant weight, but I soon found 
that it was impossible to do this on account of the large amount of fat, 
no matter how many days the specimen was dried, there continued to be 
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a loss of weight Foi this reason the aii-diied feces weie used for analy- 
sis, and Professor Polin assured me that this was quite as accurate as 
working with a “pseudo” constant weight The nitrogen was obtained 
in the usual way by the Kjeldahl method 

The fat analysis of the feces was done by the methods used by 
P Mullei^ in his classic work in this subject, with the exception that 
chloroform was substituted for ether, as recommended by Eosenfeld ® 
One giam of dried feces was extracted for twelve hours with chloroform 
in the Soxhlet apparatus, the extract evaporated and taken up with ether 
The ethereal solution was filtered and dried to constant weight, the result 
giving the amount of neutral fat plus fatty acids The fatty acids 
were determined by titiation with tenth-normal sodium hydroxid, using 
phenolphthalem as indicatoi, and were calculated as steal ic acid For 
the soap determinations the old capsule from which the neutial fat and 
fatty acids had been extracted was boiled for one houi with alcohol 
containing 3 per cent of hydrochloric acid, and the decoction evaporated 
to dryness The capsule was then extracted for twelve hours with chloro- 
foim, and the extract evaporated The extract and the residue remaining 
after evaporation of the decoction were then taken up with ether, united, 
filteied and dried to constant weight, the lesult was taken as representing 
the amount of soaps The lesults obtained by these methods were very 
satisfactory as regards the neutral fat and fatty acids, but less so in the 
case of the soaps Heie it was often difficult to get the controls to agree, 
so that the work had to be repeated It is quite doubtful if this method 
of soap deteimination is absolutely accurate, and Folm’s^ new method 
promises better results in this direction Unfortunately it was not avail- 
able at the time my work was done The figures in the tables lepresent 
the average of at least two closely'' agreeing determinations 

REPORTS OF CASES 

Case 1 — Ghronio PancieatiUs Wtth Diabetes, Cirrhosis of the Liver, Ascites, 
Achylia Gastrica 

Patient — M , male, aged 45, a laborer, entered the Massachusetts General 
Hospital on the service of Di A K Stone, Oct 5, 1908, hospital No 160,542 
The family and past histones were negative He never had attacks of abdominal 
pain or jaundice Venereal infection was denied He consumed a half-pint of 
whiskey and two or three quarts of beer over Sunday, but not much during the 
week The present illness began two years ago with diari hea, which persisted 
Along with this there was an occasional pain in the epigastrium of moderate 
intensity, sharp, shooting, not i elated to eating The appetite was rather better 
than formerly, thirst vas not increased Seven weeks before admission the 

2 Muller, F Untersuchungen uber Icterus, Ztschr f klin Jled , 1887, xii, 
45 

3 Rosenfeld, G Zui Methodik der Fettbestimmung, Centralbl f inn Med, 
1900, XXI, 833 

4 Folin, 0 , and Wentworth AHA New Method for the Determination of 
Fat and Fatty Acids in Feces, Joui Biol Chem 1909, vii, 421 
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diarrhea increased and lie became very weak He had lost about 35 pounds in 
weight 


Physical Hajarntnafton -Well-developed man, much emaciated, but not 
cachectic Color good, no jaundice Cheeks red, with distended venules Ee- 
flexes noimal Chest negative Peripheral arteries moderately thickened The 
abdomen distended, ascites present The liver was not palpable, the liver dulness 
normal The spleen was slightly enlarged to peicussion, but not palpable The 
gall-bladder could not be felt On the dorsum of the penis there was a small 
lound scar, no signs of lues elsewhere Ho edema Temperature 98 F , pulse 
80 Blood hemoglobin 80 per cent , leukocytes 5,000, stained specimen normal 
The urine was usually deci eased in amount, at times moderately increased, with 
a maximum of 2,000 c c It was at times free from sugar, even when the diet 
was not limited as to carbohydrates At other times it contained varying 
amounts of sugar, from traces up to G per cent , usually from 0 5 to 2 per cent 
The glycosuria yielded readily to anti-diabetic diet Acetone was rarely and 
diacetic acid never present Albumin wms absent 

The stools were perfectly characteristic of pancreatic disease, being bulky and 
frequent, the amount increased even up to GOO gm (fresh weight) in twenty-four 
hours When there was a normal amount of fat in the diet, the stools were coated 
with a glistening layer of fat, and frequently large masses of congealed fat like 
butter lay on the top of the stool Numerous strings of connective tissue were 
to be seen, looking like cotton tw'ine hlicroscopically there were great numbers 
of droplets of neutral fat, fatty acid needles, and numerous striated muscle fibers, 
well preserved Starch granules not in excess 

Examination of the stomach showed absence of free hydrochloric acid, as w’as 
suspected from the presence of connective tissue in the feces Fasting contents, 

7 c c watery fluid containing mucus but no hydrochloric acid Tivo examinations 
■were made after the Ewald breakfast and both showed the same condition, ■viz, 
a small amount of contents ( 7 c c ) consisting of bread mixed with mucus, and 
containing no free hydrochloric acid and no lactic acid, total acidity 15 in terms 
of tenthnormal sodium hydroxid (chronic gastritis with hypermotility) An 
CO ray examination for pancreatic calculus was negative 


Functional Tests — 1 A Salih’s glutoid capsule was given at 8 00 a m , 
October 28, and the urine failed to give the ferric chlorid test at any time during 
the next forty-eight hours 2 The Schmidt nucleus test was positive, the nuclei 
staining well throughout the section (time of passage sixteen hours) The 
Loewi adrenalin test was negative, no mydriasis occurring 

Diagnosis — ^The character of the stools, and particularly the presence of 
macroscopic fat, pointed to exclusion of the pancreatic juice from the intestine, 
due either to occlusion of the ducts or to atrophy of the parenchyma of e 
gland Malignant disease was improbable because of the long duration o e 
process and the absence of jaundice and cache’aa Obstruction of the uc y a 
calculus could not be excluded, but was improbable on account of the a sence o 
attacks of colic The most likely diagnosis seemed to be chronic pancreatitis, 
which on account of the glycosuria was probably of the interacinar vaiiety i 
ascites was probably due to cirrhosis of the liver In addition there was c ir 
gastritis with achlorhydria 

Treatment— The absence of jaundice rendered the case '^?S,nd^witli°a 

absorption experiments, which were performed according y ^ nankreon 

n.Ked d.et and med.oaton followed tj one with large 
and calcium carbonate, the diet remaining the same en i , , ^ of 

study how far the digestion of protein can ^ a 

hydiochloric acid, the absence of both pancreatic an g J 

rare opportunity for such an investigation 

The results are tabulated in the accompanying Ta^le 1, 
word of explanation The figures under the heading “Loss of Fat represen 
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piopoitioii of tlio fat in the food iihich was recovered from the feces The 
figures for neutral fats, fatt> acids and soaps are pei centages of the total fat in 
the feces, while the total fat-splitting is obtained by adding together the fatty 
acids and the soaps 

The diet in the first tvo evperiments consisted of bread, butter, milk, coffee, 
soup, meat, eggs, sugai, oatmeal, potato, rice and pudding In the last three 
evperiments it vas the ■same except that buttei vas omitted and “fat-free” milk 
vas given 


The lesults of the fiist peiiod aie such as aie to be expected where 
the pancreatic 3 nice, so important foi the digestion, is absent The great 
loss of fat (72 7 per cent ) and of nitrogen (62 2 per cent) aie charac- 
teristic The great bulk of the diied stools, tlie low saponification and the 
somewhat diminished fat-splitting are also interesting 

With the administration of pankieon m the second period a very 
marked improvement is seen in the absoiption of both fat and nitrogen, 
uith a coirespondmg decrease in the bulk of the stools, and an increase 
m the fat-splitting The lemaikable increase in the soaps is doubtless 
partly due to the large amounts of calcium admmisteied 

In the time intervening between the second and thud periods the 
panlo'eon was continued, and the patient gamed weight at the rate of a 
jiound a day It was soon discovered, however, that his abdomen was 
swelling rapidly, and the gieatei part of the retamed nitrogen evidently 
was used to supply ascitic fluid On November IS he was tapped and 
eight pints removed 


The thud period, with a diet poor m fat, was preliminary to the 
experiments with hydrochloric acid It sliowed again very poor utili- 
zation of nitrogen and fats, 91 per cent of the latter passing out with 
the feces The soaps were highei than in the first period, but still low, 
while the fat-splittmg was normal 

The two periods m which h-^ drochloric acid was given show a conbid- 
erable gam in the absorption of nitrogen, the nitrogen loss falling from 
S3 8 per cent to 36 8 per cent , the improvement, however, is not so 
marked as that seen m the second period, when pankreon was given The 
experiment shows, if one is justified m concluding that the pancreatic 
secretion was absent, that considerable digestion of protein mav take 
place from the action of hydrochloric acid administered by mouth, but 
that much laiger doses axe necessarj’" for this purpose (2 drams) than 
those usually given Of course it is possible that smaller doses maj help 
in achlorhydria by stimulating the pancreas to secretion, where that oman 
IS normal,ttough Ehrmann® has shown, by means of the Yolhard method, 
that the pancreatic secretion is not decreased m simple achlorhydria 


5 Ehrmann and Lederer Ueber das Verhalten des Pankreas Ac^vhe 
Anaziditat des Magens, Berl klin Wcimschr, 1908, vh, 1450, Deutsc e 


Wchnschi , 1909, xxxv, 879 
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There was also a considerable drop in the fat loss during the “HCl” 
periods (from 91 to 60 per cent ) but not at all comparable in extent 
to the elfect of pankreon We know that a certain amount of fat can be 
absorbed independently of the action of the pancreatic juice, and it is 
not unlikely that an improvement in the digestion and absorption of 
nitrogen would help the handling of fats In view, however, of the 
small amount of fat in the diet, it is unnecessary to dwell further on this 
point 

Table 2 * — Examination of the Urine ( Case 1 ) 


Date 

Amount in 

24 hrs , c c 

S 

bJD 
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Dextrose in 

24 his, gm 
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o 

^ a 

r-l 60 

-4-> 
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Indican, 

Pei cent 

Ethereal Sul- 
phates, gm 

Total Sul- 
phates, gm 

Eemarks 

11/ 4/ 5 

410 

5 23 

6 3 


100 


0 6407 

Peiiod 1 

11/ 5/ 6 

480 

6 29 

62 


Trace 

0 1775 

0 7713 

No medication 

11/ 6/ 7 

540 

6 SO 

7 6 


60 


0 8431 


11/ 8/ 9 

610 

9 57 

17 1 


400 


1 2166 

Peiiod 2 

11/ 9/10 

700 

10 55 

14 0 


200 

0 3659 

1 5544 

Pankreon 

11/22/23 

575 

6 77 

0 

28 

40 

0 2287 

0 8370 

Peiiod 3 

11/23/24 

1125 

9 48 

0 

30 

80 

0 2653 

1 0287 

No medication 

11/24/25 

1305 

11 50 

0 

34 

60 

0 3237 

1 1582 

Low fats 

11/25/26 

1870 

6 29 

0 

28 

60 

0 1777 


Period 4 

11/26/27 

585 

7 06 

0 

32 

140 

0 1686 

1 1183 

DilHCl Sj tid 

11/27/28 

1215 

11 16 

0 

5 1 

100 


HI 


11/28/29 

855 

8 31 

0 

36 

125 

0 1415 

H 

Peiiod 5 

11/29/30 

825 

62 

0 

25 

80 

0 1115 

mm 

DilHCl 3ij tid 

11/30/ 1 

810 

8 11 

0 

38 

60 


IB 


12/17/18 

760 

12 55 

9 1 


50 

0 2274 

1 1130 

Period 6 

12/18/19 

990 

13 20 

19 8 


250 

0 2253 

1 3682 

Pancreatic ext 

12/19/20 

1240 

14 19 

50 


400 


1 6488 

(Parke, Davis 









Co ) 3 g 









1 1 d p c 


’^The average daily amount of carbohydiates in the diet ivas as follows in the 
first period 178 gm , in the second period 198 gm 


In a Sixth period to test the action of Parke, Davis & Companv’s 
extract of pancreas excellent results were being obtained, as shown by 
the greatly decreased bulk of the stools, but one stool was lost and there- 
fore no analyses of the feces were made 

The Urine — The excretion of indican and of ethereal sulphates was studied, 
because of the fact that these substances are sometimes diminished in pancreatic 
disease, owing probably to the lessened breaking down of protein to amino-acids 
The indican was quantitated for each twenty-four-hour period, by Eolin’s® method 
The figures represent percentages referred to a normal value of 100 It will be 

6 Folin, 0 Approximately Complete Analyses of Tlnrty Normal Urines 
Am Jour Physiol . 1905 xm, 53 
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seen 1)7 refeinng to the table that theie was a moderate decrease of indican on 
most of the days when no medication was given, and that pancreatic extracts 
caused a marked increase, up to 400 per cent On the other hand, the daily 
quantity of ethereal sulphates varied vitliin normal limits 

The nitrogen excretion is of inteiest In the first period (without 
medication) there is a negative balance of 1 gm in spite of a low excre- 
tion With panln-eon the nitrogen excretion is greatly increased, but 
on account of the improved absorption there is a positive balance of 
6 7 gm for the two days In the third period (without medication) 
there v as a negative balance of 7 4 gm , while in the two ‘^Iiydroehloric 
acid” periods there weie positive balances of 0 4 gm and 9 0 gm , 
respectively 


^ Table 3 — ^Nitrogen Balance (Case 1) 


Period 

1 

N in food 

N in feces 

i 



N balance 

1 

45 7 

28 5 



—1 1 

2 

33 G 

08 



-f6 7 

3 

47 4 

24 8 



—51 

4 

1 46 3 

214 

24 9 

24 5 

4-0 4 

6 

50 0 

18 4 

31 G 

22 6 

4-9 0 


The glycosuria was moderate at first and yielded readily to anti- 
diabetic diet which, however, could not be adhered to long, on account 
of the bad digestion of fats The absence of sugar fiom the urine duiing 
Periods 3, 4 and 5 is probably due to undernutrition, as through an 
oversight the daily ration contained only a little over 1,000 calories 
Toward the close of December the sugar increased, reaching a maximum 
of 6 9 per cent and 139 gm in twenty-four hours 

The low total chlorin was probably due to the ascites, it was not 
materially inci eased by the large doses of hydrochloric acid 


Course — ^December 24, the patient left the hospital and went home to Law- 
rence, where he was visited by me, Jan 13 and Feb 4, 1909 Each time e 
was tapped and about 2,500 c c ascitic fluid withdrawn This showed a speci c 
gravity of 1,011 and an albumin content of 1 per cent , tlie sediment con aiM 
88 per cent endothelial cells The course of the disease was progressive y o 
ward and the patient died March 16, 1909 Autopsy was refuse 


The remaining five patients in this series all suffered from carcinoma 
of the head of the pancreas with jaundice 

Case 2 — Carcinomu of the Head of Pancreas, OhstrucUon of Comment Dt , 
Metastases %n Ltier, Ascites, Opeiaiion, no Autopsy 

J C, male, Massachusetts General Hospital Ho f 

aged 39, entered the hospital Hov 11, 1907, on the service of Dr wit 

pitant family and past history He never had colic ^ wteks h^e 

lol to excess for twenty years The present bVlow 

admission with pain in the epigastrium and rigli lypoe i 
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the right shoulder-blade, followed a week later by jaundice In thiee days the 
skin became intensely yellow and remained so Anorexia, rapid loss of weight 
(35 pounds) and strength Bowels constipated up to two weeks before admission, 
then two stools daily Thiee days before admittance he vomited a quart of 
hrownish-black material, after which the stools became black and foul 

Physical Examination — ^An emaciated, cachectic man with intense jaundice 
Chest negative, radials and hrachials thickened The abdomen showed shifting 
dulness in the flanks The liver was palpable 5 cm below the ribs, projecting 
from the liver in the right nipple line there was a smooth, elastic, lounded tumoi 
with pendulum motion (dilated gall-bladder) Spleen not palpable Tenderness 
in the epigastrium 2 cm to the right of the navel Temperature 101 4 The 
urine showed no sugar in many examinations, a very slight tiace of albumin, 
bile in large quantity, rare gianular casts in the sediment 

Blood examination showed red cells 1 9 millions, hemoglogin 40 per cent , 
leukocytes 6,900 The stools were laige, frequent, reddish from admixture with 
blood In a few days the feces became free from blood, and the patient was 
put on a milk diet The stools were then clay-colored, large, putty-like On 
November 17, in the center of such a stool, a mass of creamy material the size of 
a small cherry was found , on examination it proved to be pure fat On Novem- 
ber 27 a similar collection was found in a stool All the specimens examined 
showed microscopically great numbeis of fat droplets, and fatty acid crystals 
Creatorrhea not tested for (no meat in the diet) 

Functional Tests — Sahli’s glutoid capsule recovered unaltered from stool 
twenty-four hours after it was given, no ferric chlorid reaction in urine, control 
on normal person positive in nine hours Schmidt’s nucleus test positive, the 
nuclei undigested, time of passage twenty-three hours The figures for the 
absorption experiment will be found in Table 4 

Course — The patient lost ground steadily, the pain was severe enough to 
require opiates, and the melena reappeared on Decembei 5, to continue until 
death An exploratory laparotomy, December 21, by Dr M H Kichardson, 
revealed a tumor mass in the region of the pancreas, the size of two fists There 
was a small metastasis in the left lobe of the liver, the gall-bladder was greatly 
distended but otherwise normal, and there was free fluid in the peritoneal cavity 
The patient died at home about a week later Autopsy was refused 

Case 3 — Carcinoma of the Head of the Pancreas, Jaundice, Dilatation of the 
Gall-Bladder, Ascites, Steatorrhea, Creatorrhea, Autopsy 

Patient — T A, Massachusetts General Hospital No 157,382, widow, aged 60, 
Italian, was admitted Maich 9, 1908, on the service of Dr W W Gannett The 
patient had had malaria twenty years ago The present illness began a year 
before admittance AVith jaundice and a swelling in the right hypochondiium The 
icterus disappeared in two weeks, but the mass remained and grew larger Seven 
months before admittance the jaundice came on again and persisted Tlie 
abdomen had been swollen for four months Anorexia and nausea were present, 
but no vomiting, progressive but very gradual loss of weight and strength 

Physical Examination — ^The patient was a fairly developed, emaciated woman 
with intense jaundice The chest was essentially negative, radial arteries thickened 
The abdomen was greatly distended with free fluid, after the removal of wdiich 
the liver could be felt about 8 cm below the costal margin, and below it a 
smooth, firm, lOunded mass moving with respiration, evidently the distended gall- 
bladder The spleen was readily palpable There was a soft edema of the legs 
Blood examination showed hemoglobin 70 per cent , red cells 4 1 millions, leuko- 
cytes 7,800 The urine was dark, sugar always absent, specific gravity from 
1,009 to 1,013, there was a trace of albumin, and much bile, in the sediment, a 
few- casts Ascitic fluid 7,000 cc, specific gravity 1,009, albumin 2 4 per cent, 
lymphocytes 60 per cent, endothelial cells 40 per cent The stools were small, 
frequent, gray, some formed others mushy, macroscopic fat absent Bile pigment 
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was absent The guaiac test was positive Mici oscopically the fat droplets weie 
usually numeious, sometimes few, with ahvays many fatty acid- and some soap 
crystals, and many undigested musele fibers , fairly numerous starch granules 
The Schmidt meat-ball test showed no digestion of the nuclei, time of passage 
sixteen hours For the results of the absorption experiment see Table 4 

Operation An exploratory lapaiotomj, April 14, revealed a mass at the 
head of the pancreas, ascites, an enlarged liver, and a dilated gall-bladder, from 
which 450 c c of a foul coffee colored fluid were reraoi ed The patient became 
tremendously emaciated and died May 22, 1908 

Autopsy (Dr R Kinnicutt) — Tlicie was a hard mass in the head of the pan 
creas, with marked dilatation of the duct of Wirsung back of it Water could 
be forced under pressure through both the pancreatic ducts The body and tail 
of the pancreas were greatly atrophied, so that there was piactically no normal 
gland-tissue The gall-bladder and bile ducts were greatly dilated, the liver 
weighed 1,878 gm and contained a few small metastases, weight of the spleen 
198 gm Jlicroscopical examination showed typical adenocarcinoma, the body 
and tail of the pancreas were in a state of advanced chronic interstitial pan- 
creatitis, but a few islands of Langerhans remained 


Case 4 — Carcinoma of Bead of Pancreas, Jaundice, Dilatation of Call Bladdei, 
“Buttei Stools,” Greatorrhca, Eo Autopsy 

Patient — P B , male, Massachusetts General Hospital Ho 157,454, Irish, 
a roofer, aged 64, came in March 13, 1908, on the service of Dr Cutler He had 
sened in the Civil War, and had then malaria repeatedly, dysentery once In 
Nicaragua, in 1892, he had “Chagres fever” (malaria), followed by jaundice 
He had been a hard drinker for many years For two years he had done no regu- 
lar work on account of wealoiess, and for one year befoie admittance he had suf 
fered from pain in the pit of the stomach not related to food Five iveeks before 
admittance jaundice suddenly appeared and remained ever since The stools 
had been clay-colored and the urine dark He had vomited several times lately 
Progressive loss of weight, from 160 pounds, three years ago, to 121 pounds on 
entrance 


Physical Examination — ^Patient was well-developed) emaciated and cachectic, 
he showed intense jaundice with a greenish tinge The chest was negative, marked 
arteriosclerosis Abdomen The liver dulness was enlarged, extending from the 

fifth space to 5 cm below the costal border in the right nipple line, the edge 
sharp, and the suiface smooth The dilated gall-bladder was plainly felt, forming 
a smooth, elastic tumoi 8 cm in diameter, which moved with the liver Tie 
spleen was readily palpable at the costal margin, and the dulness was increase 
(old malaria) There was no ascites, temperature normal The blood showed 
hemoglobin 70 per cent, leukocytes 6,300, no malarial organisms urine 

showed no sugar ( repeated tests ) , a very slight trace of albumin, much i e, rare 
hyaline and fine granular casts 

Feces On a mixed diet usually one very large stool daily , of a- light 
color, mushy, not formed, microscopically numerous plaques o un 
muscle-fibers, small fat-drops, fatty acid crystals, and fairly numeious stared 
granules When on a diet of milk and eggs, on several occasions f 

end of defecation large quantities of liquid fat which 
butter or yolk of egg Microscopically these stools consisted of larg 
globules of neutral fat, with a smaller number of fatty acid crystals 

Functional Tests— Mter Sahli’s glutoid capsule there was 
salol in twenty-four hours, the control gave the s a o reaci patient, 

foul and one half hours The ahsoiption of sa o ” urine in three 

for when given in an ordinary gelatine capsule i nuclei time of pas- 

hours Schmidt’s nucleus test showed no digestion of the nuclei , tnmejj 
sage fourteen hours The results of the absorption experiment are „i 
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Com se— The patient suffered from considerable pain in tbe epigastrium, re 
quinng morpliin almost daily He lost steadily and died April 25, 1908 During 
the last two days he vomited fluid containing bile, but no blood, probably the 
growth in ulcerating had opened the common bile-duct, for there had been com- 
plete achoha previously Autopsy was refused 


Case 5 — Carcinoma of the Head of Pancreas, Jaundice, Dilatation of Call- 
Bladder, Steatorrhea, Cieatorrhea, Cholecyst-Enterostomy Autopsy 

Patient— N C, male, Massachusetts General Hospital No 157,830, Italian, 
brick-layer, aged 52, entered the hospital April 7, 1908, on the service of Dr 
E G Cutler Past history was negative, patient had never been jaundiced 
before, alcohol moderately For three months he had had pain in the epigastrium 
and right hjpoehondrium, not severe, occasionally radiating to the right back, 
worse after eating True colic had been absent Jaundice had been noticed for 
the past SI'S, "weeks, with clay stools The appetite was good, no vomiting, con- 
stipation present 

Physical Examination — Well developed, poorly nouiished man, deeply jaun- 
diced The chest was negative The liver was moderately enlarged, reaching 4- cm 
below the ribs in the nipple-line, at one examination the gall-bladder was dis 
tinctly felt, about the size of a hen’s egg The spleen was not palpable and there 
was no ascites The blood shoned hemoglobin 90 per cent , leukocytes 2,700 
The urine v'aried in amount from 1,000 to 2,100 c c , sugar was always absent, 
albumin, slightest possible trace, much bile, no casts Stomach examination 
The size, position, motility, and secretion were all normal On a mixed diet the 
stools were formed and clay colored, microscopically there vas an abundance of 
undigested muscle fibers, and of fat, the guaiac reaction was positive on two 
occasions, usually negative On a diet of milk and eggs the stools were white, 
glistening, and mushy On one occasion only there was found on the top of the 
stool some cream like stuff, which vas found to consist chiefly of large oil drops 
Microscopically there was always a considerable number of small and sometimes 
large neutral fat dioplets, many fatty acid crystals, no starch 

Functional Tests — Sahli’s glutoid capsule not given The Schmidt meat balls 
were recovered after fourteen hours, and showed no digestion of the nuclei For 
the results of the absorption experiment see Table 4 

Course — ^April 23, Dr Mumford opened the abdomen, and found a mass m 
the region of the pancreas, and a distended gall-bladder the size of a small orange 
He performed cholecystocolostomy The patient died three days later The 
autopsy (Dr J H Wright) showed adenocarcinoma of the head of the pancreas. 
With advanced chronic interstitial pancreatitis of the interlobular type involving 
the rest of the organ, the islands of Langerhans were preserved, but the acmi 
Were almost entirely replaced by fibrous tissue The duct of Wirsung was com 
pressed by the tumpr, and greatly dilated behind it, the duct of Santonm 
admitted a fine probe for a few millimeters only There were metastases in le 
liver and in an abdominal lymph-node 


Case 6 —Carcinoma of the Head of Pancreas, Jaundice, Dilatation of 
Bladdei , “ButteV’ Stools, Greatorrhea, Operation, Cholecystocolostomy, Autop y 
Patient— J C , a widow, born m Nova Scotia, aged 55, Massachusetts (^neral 
Hospital No 157,898, was admitted April 12, 1908, on the service of 
Gannett The patient had “sciatic rheumatism” two years ago, "me ch ’ 
no miscarriages She drank eight cups of tea a day, no a co o 
illness began six months previous to admittance, fol owing a U 

She had diarrhea for a rjeefc and felt poorly to a month r^e ““ '"'i, 
Christmas, since when she had anorcMa and constant iiiai„es • ^ , 

epigastnnk after food, hnt no vomiting Three 

first noticed a yellow color of the ^ i fj-om 185 pounds 

The bowels w ere constipated She had lost a good deal of weight, from 185 po 

last summer to 146 pounds on entrance 
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Physical Examination — The patient was intensely jaundiced and modeiately 
emaciated The abdomen showed liver dulness from the si\th rib to 2 cm below 
the costal maigin, the edge of the livei was palpable, the gall-bladder not felt 
Theie was no enlargement of the spleen The blood showed hemoglobin 65 pei 
cent , red cells 5 2 millions, leukocytes 5,600 The urine varied in amount from 
500 to 1,200 cc, specific gravity 1,010, sugar absent, albumin a slight tiace, 
bile present, in the sediment, numeious hyaline and granular casts, once epithe- 
lial casts Stomach examinations showed no fasting contents, no contents remov- 
able after Ewald bieakfast, normal size and position The stools were clay- 
colored, sometimes foimed, sometimes mushy Twice, although at the time on 
a diet with lestricted fats, there were pools of congealed fat on the top of the 
stools, completely soluble in ether Micioscopically there were enormous numbers 
of droplets of neutral fat, many of them large, with relatively few fatty acid 
crystals and many undigested muscle fibers The guaiac test for blood was nega- 
tive Schmidt’s meat-ball recovered after twenty hours, showed no digestion of 
the nuclei For the results of the absorption experiment see Table 4 

Gouise — ^April 28, Di Scudder opened the abdomen and found a nodular 
mass involving the head of the pancreas, and a greatly distended gall-bladder, 
from which about a pint of colorless mucous fluid was removed, also a single 
gall-stone the size of an olive The cystic and common ducts were free Cholecys- 
tocolostomy was performed The patient died April 30 At the autopsy (Dr 
Oscar Richardson) there was found an adenocarcinoma of the head of the pan- 
el eas, compressing both the duct of Wirsung and the common bile duct The 
lest of the pancreas showed maiked chronic inteistitial pancreatitis with atiophy 
of the parenchyma and dilatation of the duct of Wirsung The microscopic exami- 
nation confirmed the diagnosis 

THE DIGESTION AND ABSOBPTION OF EATS IN THE ABSENCE OE THE 

PANCREATIC JUICE 

The importauce of the panel eatic jnice for the absorption of fat was 
first shown experimentally by Claude Bernard/ who observed large 
amounts of fat in the feces after destruction of the pancreas by injections 
of oil into the ducts The next impoitant woik on the subject was done by 
Abelmann/ under Minkowski’s direction After total extirpation of the 
pancreas in dogs he found that non-emulsified fats were not absorbed at 
all, and emulsified fats only to the extent of 30 per cent The amount 
of fat-splitting was inconstant, varying from 30 to 85 per cent Latei 
obseiveis studied the effects of ligation of the pancreatic ducts, and 
ai rived at confiicting conclusions, some even finding no disturbance of 
fat absorption at all Boi this reason it was assumed that the exteinal 
secretion of the pancreas after ligation of the ducts might be absorbed 
and enter the circulation through the lymphatics, and in this roundabout 
manner get back to the mtestme again and be available for digestion 
That this theory is erroneous was shown by Hess,® vho demonstrated that 
in the dog there are always two pancreatic ducts, usually three, and some- 

7 Bernard, C MSmoue sur le panerCas, etc. Pans, 1856, p 99 

S Abelmami Ueber die Ausnutzung der N ihrungstoffe nach Pankreasextirpa- 
tion. Dissert Dorpat , 1890 

9 Hess, 0 Experimentelle Beitrage ziir Anatomie und Pathologic des Pan- 
kreas, liled Naturwissenschaftl Arch , 1907, i, 161 
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times fom In Ins expeiiments tlie ligation of two ducts never caused 
maiked distuibance of fat absoiption, because some pancreatic secretion 
still entered the intestine through the thud duct After three ducts had 
been tied off, howevei, he found that only 5 per cent of the fat of the 
food was absoibed The previous observers simply had not ligated all 
the ducts Somewhat latei, J H Pratt^® demonstrated the paramount 
impoitance of tlie pancreatic juice, using a method devised by P T 
Murnhj, uhich complete! 3'" isolated the panel eas from the intestme In 
all of his animal experiments, Piatt found a marked impairment of fat 
absoiption, 67 per cent of the intake being recovered from the feces The 
fat-splitting was normal and the amount of soap in the feces meonstant 
As in human beings with a like condition, the stools weie massive, and fat 
visible to the naked eje was present 

IPith legard to the effect on the absorption of nitiogen, Abelmann, 
Hess and Pratt obtained vei}’^ similar lesults, a nitrogen loss in the neigh- 
boihood of 55 per cent being observed 

Befoie taking up the question of the effect of the ex'clusion of pancie- 
atic juice from the intestme in man, it will be best to state the noimal 
figuies Prom 90 to 95 per cent of the fat of the food is absorbed under 
physiological conditions Of the fecal fat, approximately 20 per cent i'* 
in the foim of neutral fat, and 80 per cent is split, the soap and fatty 
acids aie about equal in amount, 1 e, about 40 per cent each 

Smee some of the cases investigated have been complicated with 
icterus, it IS uecessari'- to discuss the effect of the exclusion of bile pei se 
on the absorption The importance of bile for the absorption of fat was 
first shown foi man by P Muller,- who found in obstruction of the 
common bile-duct with patent pancreatic ducts an average loss of fat 
amounting to 67 per cent of the intake The fat-splittmg, however, was 
normal and the nitrogen loss only slightly above the normal, averaging 
11 pel cent Brugseh,^^ however, found much less disturbance with fat 
absorption, averaging 45 per cent fat loss, and suggested as a reason 
for the discrepancy that in Muller’s cases complicating diseases of the 
alimentary S3 stem (einhosis of the liver, carcinoma) had a deteriorating 
influence on fat absorption This seems quite lilcely, for Schmidt f®^^ 
in two cases of complete obstruction of the bile-duct only 27 per cen 
fat loss, and Albu,^" m a patient with biliary fistula and no bile m the 
stools, but w'ho was otherwise in perfect health, a fat loss averaging 


10 Pratt, J H, Lan^son, P D, and Marks H K ^he Weet of deluding 
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38 pel cent These wide variations certainty call for caution in the intei- 
pretation of the fat loss in cases with icterus 

Mullei,^ in a case of atrophy of the pancreas with obstruction of the 
duct of Wirsung h}’’ calculi, found on anatysis of a single stool no inciease 
in the percentage of total fat, but a marked dunmution of the fat-splitting 
and a great decrease in the soaps He concluded that the absence of the 
pancreatic ^uice does not interfere with the absorption of fat, but does 
hinder the fat-splitting It should be noted, however, that he did not 
perform absorption experiments and that the state of the duct of Santorini 
at the autopsy is not mentioned so that it is possible that some secretion 
did reach the intestme 

Later observers, with the exception of Keuthe/® have all found that 
absence of the pancreatic juice without icterus causes a marked dimmu- 
tion of fat absorption Altogether fifteen eases with absorption experi- 
ments are available, viz , those of Brugsch^’- (three cases), Deucher^^ (two 
cases), Ehrmann,^® Gigon,^® Glaessner and SigeP^ (also studied by 
Keuthe’^®), Hailej',^® Masuyama and Schild,-® Salomon,-^ IJry and Alex- 
ander,-^ Weintraud^® (two eases) and Case 1 of my series The average 
loss of fat was 5o per cent , the maximum 83 per cent If one excludes 
"Wemtraud’s cases, in which the diagnosis of total exclusion of the pan- 
el eatic juice IS probable but not eertam, the average rises to 60 per cent 

The cases of Gigon^® and Keuthe^® require a separate consideration 
on account of the slight degree to which the fat absorption was impaired 
In Gigon’s patient, a diabetic, the sudden appearance of bulky stools 
pointed to blocking of the ducts by calculi The average fat loss was onty 
29 per cent , the minimum 19 per cent At the autopsy seven weeks latei 

14 Deucher, P Stoffwecliseluntersuchungen hei Verschluss des Ductus Pan- 

cieaticus, linoj-r B1 f schweiz Aerzte, 1898, 321, 361 

15 Ehrmann, P Stoffwechsel- und Stuhluntersuchungen in einem Fall ^on 
clironischer Pankreatitis, Ztschr f klin Med , 1910, Ixix, 319 

16 Gigon, A Stoffwecliselversuch an einem Falle von Pankreasdiabetes, Ztschr 
f klin Med 1907, Ixiii, 420 

17 Glaessner and Sigel Organotherapeutische Versuche bei Pankreaserkran- 
kung, Perl klin Wchnschr , 1904, xli, 440 

18 Iveulbe, W Ein Fall von Pankreasatrophie, Berl klin Wchnschr , 1909, 
xlvi, 47 

19 Harley, V Absorption and Metabolism in Obstruction of the Pancreatic 
Duct, Jour Path and Bacteriol , 1895, in, 245 

20 Masuyama and Schild Ueber die Behandlung der diabetischen Steatorrhea 
mit Pankreasprapaiate Ztschr f physik u diat Therap , 1900, in, 451 

21 Salomon, H Organotherapie der Fettstuhle bei Pankreaserkrankung, 
Berl klin Wchnschr , 1902, xxxix, 45 

22 Ury and Alexandei Ueber abnorme Stuhlbefunde bei Pankreaserkrankun- 
gen, Deutsch med Wchnschr 1904, xxx, 1311 and 1345 

23 Weintraud Die Bedeutung des quantitatnen Stoffwechseh ersuches fur die 
Diagnostik inner &ankheiten, insbesondere ^on Pankreaserkrankungen Die Heil- 
kunde, 1898-99, in, 67 
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both psncrGatic ducts were found obstructed by colculi^ and dilated behind 
the obstruction, so that it is reasonable to suppose that no pancreatic 
3mce got into the intestine It is conceivable that at the time of the 
absorption expeiunents only one duet was obstructed, and that the other 
became plugged shortly before death, but in view of the fact that both 
ducts were dilated, this explanation seems somewhat strained 

Keuthe’s case is still more remarkable This patient was first mvesti- 
gated by Glaessner and Sigel, who found a fat loss of 57 per cent Tive 
years later the patient came under Eleuthe’s observation, and showed on 
a Schmidt diet a fat loss of only 10 per cent , i e , at the upper Imiits 
of the normal The Sahli, Schmidt, and Schlecht trj^sin tests all 
pointed toward the absence of pancreatic juice Icterus was absent The 
stool was formed, elaj'-eolored, and microscopically showed an excess of 
neutral fat and undigested muscle-fibers Urobilin was present The 
nitrogen was not estimated At the autopsy the pancreas was so small 
that it was located with difficult 3 ’’, and the duets could not be found at 
all, not even with the microscope The micioseopical examination showed 
chronic interstitial pancreatitis, with only traces of normal parenchyma 
remaming 

There are several possible explanations of the normal utilization of 
fat in this case First, it is conceivable that through some compensatory 
mechanism, the fat-splittmg ferments of the stomach and mtestine, 
together with the bile, were able to bring about a normal absorption of 
fat Such a phenomenon, however, has not been shown to occur in other 
cases in human beings, nor in the animal experiments Second, there 
might have been an error m the fat determinations This is unlikely 
because the error would have to be tremendous to explain the results 
Third, it IS possible that the atrophic pancreas, or an accessory pancreas 
which was overlooked at the autopsy^, produced sufficient steapsin to digest 
most of the fat This explanation seems to me the most plausible But 
m any case, the fact remains that it is possible to have normal fat absorp- 
tion with almost total destruction of the pancreas 

With regard to the fat-splitting in the absence of pancreatic juice 
there has been considerable difference of opmion formally 60 to SO per 
cent of the fecal fat is split, that is to say, is m the form of fatty acids 
and soaps Schmidt"^ found an average of 60 per cent in three normal 
persons, other observers about 80 per cent Muller-' found a mari 
decrease in the fat-splitting, and Eatz,=^^ who did only percentage analyses 
of single stools, went so far as to say that fat-splitting was the most 
important feature from the point of view of diagnosis, and tliat values 
for split fats below 70 per cent ( ') signified a dimmution or absence o 

24 Katz, A Semiotische Bedeutung der Zusammensetzung des Kotlifettes 
Wien med Wchnschr , 1899, xlix, 153, 214 and 2G6 
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the pancreatic juice In Case 4 of my series only 51 per cent of the fat 
was split, in Case 1, (Period I) 64 per cent , in the others the fat-splitting 
was normal Speaking in geneial, the fat-splitting has been found in the 
majority of instances (Brugsch, Meyer, Deucher, Harley, Tileston, etc ), 
either normal or only slightly diminished, as has been the ease also in 
the animal experiments A normal fat-splitting therefore does not speak 
against pancreatic achylia, while a marked reduction probably speaks in 
favor of it Since the amount of fat-splitting by intestinal bacteria is 
small (15 per cent, Muller^) the function is probably performed in the 
absence of pancreatic secretion by the fat-splitting ferment of the intestine 
described by Boldireff,^® and by the steapsm of the gastric juice 

The saponification in the condition under discussion is almost invari- 
ably considerably diminished below the normal percentage of 40 per cent 
Thus Deucher found only 7 per cent and 9 5 per cent , Meyer 6 to 9 per 
cent , Ehrmann 15 pei cent , Brugsch 8 to 33 per cent , and Tileston 
(Case 1) 5 per cent The reason for the reduction probably lies in the 
small amount of alkali available in the intestine Zoja^® attached consid- 
erable importance to a diminution of the soaps, but since this condition 
also obtains in other diseases the amount of saponification has no diag- 
nostic value, except in the negative sense that an excess of soaps over fatty 
acids renders pancreatic achylia improbable 

If bile as well as pancreatic juice is excluded from the intestine, as 
occurs frequently in cancer of the head of the pancreas and cases in which 
a calculus becomes impacted in the duodenal papilla, the disturbance of 
fat absorption is apparently greater than where the pancreatic duct alone 
IS obstructed Thus, Brugsch^^ found for obstruction of the bile-duct 
alone a fat loss averaging 45 per cent , for obstruction of the pancreatic 
ducts alone 65 per cent , and for the exclusion of both bile and pancreatic 
juice 87 per cent Meyer,-^ in a case of cancer of the pancreas with com- 
pression of the bile and pancreatic ducts, found a fat loss varying from 
69 to 77 per cent with the patient on a diet of meat, eggs, bread and 
potatoes while it was only 62 per cent on a diet of milk, butter and bread 
My figures in five such cases (all but one verified by either operation or 
autopsy) were still lower, ranging from 46 to 76 per cent , and averaging 
58 per cent It seems possible that the difference is due to the diet, for 
my patients weie on a diet consisting exclusively of milk and eggs, and 
Abelmann showed that in dogs after extirpation of the pancreas emulsi- 
fied fats were better absorbed than were non-emulsified fats Brugsch, to 

25 Boldireff, V N Das Fettspaltende Ferment des Darmsaftes, Centralbl 
f Physiol, 1904, XTiii, 460 

26 Zoja, E Note cliniclie sulPassorbimento del grasso, Morgagni, 1899, xli, 
1, abstract in Centralbl f inn Med, 1899, xx, 1261 

27 Meyer, E Stoffweclisel bei Pankreaserkrankung und dessen Beemflussung 
durcli Opium u Pankreaszufulir, Ztsclir f exper Path u Tlierap , 1906, iii, 58 
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be suie, on the basis of a single case, makes the statement that in the 
case of pancreatic disease in man emulsified fats aie not bettei absorbed 
than other fats This pomt is worthy of further investigation. To sum 
up, then, pancreatic achjdia with icteius usuallj is accompanied by a 
greater fat loss than is simple icterus, but exceptionally, as in Mulfei’s 
cases, the fat loss in the latter way maj lie so high as to cause diagnostic 
difficulties 

The complication of pancreatic disease with jaundice appaiently does 
not alter the amount of fat-splitting and saponification 

THE Is^lTHOGEE LOSS 

Normall} from 5 to 10 pei cent of the nitrogen in the food can be 
recovered fiom the feces Part of tins is derived not fiom the food but 
fiom the intestinal secretions and the bacteria In experimental exclusion 
of the panel eatie ]uice there is a large nitrogen loss averagmg about 55 pei 
cent The nitiogen loss in animals is thus somewhat less than the fat 
loss, and this is probabl}' due to compensatory action on the part of the 
gastric and intestinal proteol 3 tic ferments In the human subjects with 
deficiency of the panel eatic juice varying degrees of disturbance with the 
utilization of nitrogen have lieen observed, Deucher’s first case showing 
onlj 19 per cent nitrogen loss and Salomon’s 87 per cent , in my first 
case it was 62 per cent The average nitrogen loss in nine cases without 
icterus was 39 per cent Brugsch therefore puts the figure considerably 
too low w'hen he states that the average nitrogen loss is from 20 to 25 pei 
cent The explanation of this is that he has excluded cases without 
autopsy, while I have taken in those cases in the literature which showed 
^ffiutter” stools and creatorrhea and often glycosuria, in other words, 
cases in which the diagnosis of panel eatic disease was certain even in the 
absence of autopsy In simple icterus (Mullei, Brugsch) the average 
nitrogen loss is 11 per cent, or only slightly above the normal 

In three eases complicated with icterus, Brugsch found an average 
nitrogen loss of 34 per cent , in one of them on a milk diet the nitrogen 
loss was 5 4 per cent less than it was on a diet containing meat In my 
three cases with leteius in which the nitrogen loss was determined it 
varied from 14 5 per cent to 30 per cent, averaging 18 5 per cent As 
previously stated, these patients got only milk and eggs, which maj 
account for the lower figures Bor erepsin can attack casern, though it is 
powerless against the other native proteins, and it is obvious that eg^ 
albumin will be unore readilj’" broken up than meat Gigon founc i 
on the addition of 80 gm of casern to the diet the nitrogen loss e 
from 24 to 12 per cent and Muller"- in a patient with probable pancieat 
disease found a nitrogen loss of 28 pei cent on a meat diet, win e on 
milk diet the nitrogen loss was less than half as great (13 per cen 
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THE DIGESTIOlSr AND ABSORPTION OF CARBOHYDRATES IN 
PANCREATIC DISEASE 

Since there are no satisfactoiy methods of quantitating the carbo- 
hydrates m the feces, we are limited to qualitative tests for unalteied 
starch These have shown, as a rule, no marked excess of undigested 
starch In none of my four patients who were on a diet containing starch 
was there a striking increase in the number of undigested starch granules 
in the feces Similar statements are to be found in the literature It 
seems probable, therefore, that in the absence of the pancreatic secretion 
the other diastatic feiments aie sufficient for the digestion of the staich 
in the food, and its absoiption after conveision to dextrose is certain to 
occur 

THE EFFECT OF OPOTHERAPY IN PANCREATIC DISEASE 

There can be no question that the administration of law pancreas, and 
to a somewhat less degree that of pancreatic extracts, can to a considerable 
extent supplant the action of the pancreatic juice, with regard to the 
absorption both of fat and of nitrogen My experiments in Case 1 clearlj 
show this, and they aie in accoid with a few exact absorption experiments 
made by others Thus Masujama and Schild-® at von ISToorden’s clinic 
found the fat loss decreased from 63 per cent to 36 per cent on the 
administration of raw pancreas In Salomon’s-^ exhaustively studied 
case raw panel eas diminished the fat loss from 52 to 20 per cent and the 
nitrogen loss fiom 70 to 22 per cent, and pancreatm (Ehenama) vas 
equally effective, reducing the fat loss from 53 to 17 per cent and the 
nitiogen loss from 87 to 25 pei cent Six months later pankreon gave 
similai results The results of XJry and Alexander^" were less stiiking^ 
pankreon lowering the fat loss from 72 to 58 pei cent and the nitiogen 
loss fiom 40 to 27 per cent Gigon^® noted a marked improvement with 
pankreon, but the effect soon wore off Latei, with larger doses, the absorp- 
tion again improved^ but only temporarily Other observers do not appear 
to have found iiancieatic extracts to lose their effect after continued 
administration In Mej^ei's-^ case treated with 3 gm pankreon dailv 
the fat loss fell from 74 to 35 per cent and the nitrogen loss from 64 per 
cent to 38 per cent The administration of opium likewise caused a 
moderate improvement in absoiption, probably bi dela 3 nng peristalsis 
Ehrmann^'’ used massive doses of panel eatin (25 gm daily) on account 
of the normal gastric secretion in Ins case, and reduced the fat loss from 
50 to 17 per cent and the nitrogen loss from 43 to 17 per cent 

The effect of adding alkali to the pancreatic preparation vas studied 
bv Glaessner and Sigel Pankreon alone (5 gm dail^ ) had no good 
effect on the fat absorption, and only a trifling one on that of nitrogen. 
Wlien 30 gm of sodium bicarbonate was added to the pankreon, the fat 
loss was diminished from 56 to 41 per cent and the nitrogen loss from 
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45 5 to 42 per cent Pancieatm Elienania (1 25 gm daily) when given 
alone i educed the fat loss by 28 per cent and the nitrogen loss by 4 5 per 
cent j uhile pancreatin vith sodium bieaibonate was somewhat more effica- 
cious, leducing the fat loss by 32 per cent and the nitrogen loss by 9 pei 
cent It will be noted that the effect of pancreatic preparations was much 
less marked than that found by other observers, especially in regard to the 
nitrogen Wliethei this is to be attributed to the relatively small doses or 
to some peculiarity of the ease it is hard to saj*^ The work of tliese 
authors renders it advisable to give some alkali with the pancreatic 
preparation 

All observers have found after the administration of pancreatic 
e>.tiacts a uell-maiked increase in the fat-splitting and in the saponifi- 
cation, thus in my fiist case the fat-splitting was increased 31 per cent 
and the saponification nine-fold 

With regard to the selection of the piepaiation to be used, the raw 
2 iancreas is sometimes more efficacious, but is likely to become distasteful 
to the patient, may cause diaiihea, and is troublesome to obtain Pan- 
ic eon, a combination of pancreatic extract with tannic acid, has been 
highly recommended on the ground that it is not acted on by the gastric 
juice, it does not seem to be supeiioi to other active preparations of 
pancreas 

DIAGNOSTIC CONCLUSIONS TO BE DRAWN FROM ABSORPTION 

ESPEREMENTS 

1 In cases without icterus Heie a loss of fat of 30 pei cent oi over 
speaks very strongly in favor of jiancieatic disease It should be empha- 
sized however, that if the stools are waterj no conclusion can be diawn 
with regard to the pancreatic secretion, for simple diaiihea oi chronic 
catarrhal conditions of the intestine, especially in children, may be accom- 
panied by a veiy considerable loss of fat In case of doubt the water 
content will be of assistance, being normal oi decreased in jiancreatic 
disease and increased in diarrhea If the stools are not wateiy, but 
mushy or foimed, as is usually the case in pancieatic disease, it is onlj 
necessary to exclude a few intestinal diseases in which there may be 
interference with the absorption of fat These are tuberculosis and 
amyloid of the intestine, tubeiculous peritonitis and tuberculosis of the 
mesenteric lymph-nodes It should be also borne in mind that some 
individuals, as BdsalP® has shown, have an intolerance for fat, and if a 
certain moderate amount of fat in the diet be exceeded, will show a 
considerable loss of fat with the stools Such persons, however, are 
healthy in other respects, and if the fat in the diet be diminished the 
abnormal loss of fat disappears, while in pancreatic disease there will be 

of Fats, Boston IMed Surg Jour , 1900, civ, 703 
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a marked loss of fat even -when the fats are greatly restricted (see 
Period 3 m Case 1) 

A marked reduction of the fat-splitting is also in favor of disease of 
the pancreas, hnt since most cases show normal fat-splitting, this point 
will not often be helpful in diagnosis From diminished saponification no 
positive conclusions can be drawn The most we can say is, with Brugsch, 
that a percentage of soaps in excess over the fatty acids is against the 
diagnosis of pancreatic disease, provided that pancreatic extracts or large 
amounts of alkali are not being administered 

2 In cases with icterus, accoiding to Brugsch, a fat loss below 60 per 
cent excludes disease of the pancreas, while a loss over 60 per cent 
makes pancreatic disease probable In view of my results, I should be 
inclined to place the figure a little lower, say at 50 per cent , especially if 
the patient is on a milk diet It is certainty exceptional to have in simple 
icterus a fat loss of over 50 per cent 

With regard to nitrogen, it may be said that a nitrogen loss of over 
30 per cent points strongly to disease of the pancreas, whether icterus 
IS present oi not, provided that the above-mentioned intestinal diseases 
are excluded, while figures below this are consistent with pancreatic 
achylia but are also encountered in other diseases Since in pancreatic 
disease the loss of nitrogen is less on a milk than on a meat diet, it will 
be well to give meat during absorption tests The diagnostic value of 
the nitrogen loss is especially marked in cases with icterus, for in simple 
exclusion of bile from the intestine the nitrogen loss never exceeds 15 per 
cent , while the fat loss may reach 67 per cent I should not agree with 
Brugsch when he says that the loss of nitrogen is of subordinate impor- 
tance to the fat loss, but should consider the two as of nearly equal value 

FUNCTIONAL TESTS FOE THE PRESENCE OF PANCREATIC SECRETION 

IN THE INTESTINE 

It IS not my intention to consider all of the numerous tests which have 
been recommended, but merely to discuss two of them with which I have 
had experience, the Sahli glutoid capsule and the Schmidt nucleus method 

Sahli’s"® glutoid capsule test depends on the fact that gelatin capsules, 
if hardened to the right degree in foimaldehjA solution, will resist the 
action of the gastric pice, but will be digested by trypsin The capsules 
are filled with salol and swallowed bv the patient, digestion of the capsule 
IS shown by the apjiearance in the urine of saliC3duric acid, which can be 
recognized by the ferric chlorid test A control test always should be 
made on a normal peison If no reaction is found within twenty-four 
hours, the pancreatic secretion is considered deficient This test has been 

29 Sahh, H Weitere Mittheilungen uber die diagnostiscbe und tberapeutisclie 
Teivrendung ion Glutoidkapseln, Deutscli Arch f klin Med, ISOS, Ixi, 445 



548 


THE ARCmVESi OF INTERNAL MEDICIXE 


ciiticizcd a good deal on account of tlie possibility of variations in the 
amount of hardening of the capsules, so that it might happen, on the 
one hand, that they were digested by the gastric ^uice in the absence of 
pancreatic secietion, oi, on the other hand, that they reniamed undigested, 
although pancreatic secietion was present All are agreed that the test is 
of value onl)’^ in cases of complete absence of the pancreatic ^uice In 
the thiee cases in my series in which it was tried (Cases 1, 2 and 4), the 
capsules were not digested Wliile admitting the possibilities for error, 
I should assign to the test some slight value as confi.rmator}'^ of the absence 
of pancieatic secietion, if other signs of pancreatic disease aie present 

The Schmidt^® nucleus test is based on the observation of Schmidt that 
nuclei weie digested only bj^ trypsin, being unaffected by the other proteo- 
lytic ferments Small cubes of law beef are liaidened in alcohol, tied up 
in gauze sacks, washed in watei and given to the patient They aie 
lecoveied fiom the stools and sections aie made and stamed to see if the 
nuclei have been digested The time of passage should not be less than 
twelve 01 greater than tliirtj hours, otherwise the test must be repeated 
The result is called positive if all the nuclei, except those on the edge of 
the specimen, aie preserved and take the nueleai stain According to 
Schmidt, a positive result under all ciicumstanees indicates absence of the 
pancreatic secretion, while a negative result is not conclusive either way 
On theoretical grounds it has been objected that the nuclei may be 
digested by the gastric juice, but this objection has little weight because 
Schmidt attaches importance onh to positive results, i e, where the 
nuclei remain undigested 

In my hands the test has not pioved of great value, and my experience 
IS in accord with that of Brugseh,®^ Klienebeiger,®® and the late Dutton 
Steele®® in this countrj'' It was positive, to be sure, in all of the present 
series and in one additional case of cancer of the head of the pancreas 
(verified b}’" operation), but it was also positive on two occasions in a 
case of stone m the common duct, in which at autopsy the pancreatic 
ducts were patent and the gland perfectly normal, both in the gross and 
in the microscopical appearances And Biiigsch®^ found a positive 
in a case of gastric achylia in which trj’^psin could be demonstrated m e 
stools by other methods Moreovei, it is not uncommon in peisons 
vith normal pancreatic function to find the nuclei well stained in t e 

30 Scliimdt, A Em neues diagnostisclies Merkmal hei Pankieaseikranlu.ngoT. 
Veiliandl d Cong f inn Med , 1904, xxi, 335 

31 Buigsch, T Zur funktionellen Darmdiagnostik Deutseh med cinsci 

1909, 2307 

32 Kheneberger, C Dmgnostik der Pankieaserkianknngen Med Klin.k, 

1910, VI, 91 ,r 1 

33 Steele, J D The Nucleus Test in Pancreatic Disease, Univ e 

Bull 1906-7, XIX, 235 
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centei, and unstained onlj^ in tlie oiitei quaiter or so of the specimen, so 
that it becomes difficult to interpret the lesults For, accordmg to 
Schmidt, bacterial action may be sufficient to digest the outermost nuclei 
In all my cases of pancreatic aehjdia, however, the nuclei were well stained 
everywhere except in a narrow space at the very rim of the section, so 
that it IS probably safe to call cases with more digestion than this nega- 
tive To sum up, a positive result appeals to be in favor of pancreatic 
disease, but is encountered occasionally in other conditions, while a 
negative result is against total absence of the pancreatic juice, especially 
if free hydiochloric acid is absent in the stomach The test is of little 
value in partial occlusion of the pancreatic ducts, and in total occlusion 
it is usually superfluous, as the diagnosis may be made by other methods 

SUMMARY AND CONCLUSIONS 

1 The diagnosis of complete absence of pancreatic juice from the 
intestine can be made usually without the use of absorption experiments 
01 complicated tests bj^ attention to the following appearances of the 
feces increased bulk, the presence of fat visible to the naked eye, of 
microscopic fat droplets in large numbeis, and of creatorrhea 

2 The complete absence of pancreatic juice interferes greatly with the 
absorption of fat and of nitrogen 

3 The fat-splittmg in this condition is usually normal, sometimes 
decreased 

4 The saponification is almost always much diminished, and the fatty 
acids always exceed the soaps 

5 Exclusion of both the bile and pancreatic juice causes a consid- 
erably greater loss of fat, and a somewhat larger nitrogen loss than where 
the pancreatic juice alone is excluded 

6 In the absence of icterus, a fat loss of 40 per cent or over, and a 
nitrogen loss of over 30 per cent point almost with eeitainf^’- to pancreatic 
disease, provided that the folloAvmg conditions are excluded diarrheal 
diseases, amyloid and tuberculosis of the intestine, tuberculosis of the 
peritoneum and mesenteric lymph-nodes If icterus is present, a fat loss 
of more than 60 per cent favors pancreatic disease, and the greater the 
loss, the stronger the probability The value of the nitrogen determina- 
tion is but slightty impaired b}’" the piesence of jaundice, for in simple 
icterus the nitrogen loss is but slightlj above the normal 

7 The amount of the fat-splitting has usually but little diagnostic 
importance, a veij’^ great reduction, however is suggestive of pancreatic 
disease 

8 An excess of soaps over fatti acids renders the diagnosis of com- 
plete absence of the pancreatic juice extiemelv improbable 
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9. By tlie admimstiation of raw pancieas oi of pancreatic preparations 
in pancreatic disease the absoiption of fat and nitiogen as a lule can be 
greatly unproved 

10 In a case in winch both the gastiic and the pancieatic secretions 
were deficient, the absorption of nitiogen was considerably increased by 
the admimstiation of hydroehloiic acid and pepsin, though not to the 
same extent as by pancreatic piepaiations 

I isli to express my thanks to the members of the staff of the Massachusetts 
General Hospital for their courtesy in placing the clinical material at my dis 
posal, and to Professor Folin and Dr William F Boos foi valuable adiice in the 
course of the laboratory work 
308 Crown Street 



THE VALUE OE ABSOEPTIOH METHODS IH THE 
WASSERMAHH TEST ' 

C H BAILEY, MB 

KEW YOEK 

It IS conceded b}’’ most obseivers that in working with a hemolytic 
system it is advisable to use known amounts of both amboceptor and cells 
Wassermann’s original method for the diagnosis of syphilis makes use 
of 1 e c of a 5 per cent suspension of sheep corpuscles with just twice 
the amount of amboceptor necessaiy to hemolyze these cells Since the 
discovery of the existence of an antisheep amboceptor in some human 
serums it has been a question whether this additional amount of ambo- 
ceptor might not be sufficient to pioduce hemolysis in conjunction with 
a small lesidue of complement not fixed in the first stage of the reaction 
If this should occur negative results would thus be obtained in syphilitic 
cases 

The recognition of this possibility has given rise to several modifi- 
cations of the Wassermann reaction The best-known of these is probably 
that of Hoguchi He maintained^ that ‘‘Vassermann’s original method 
is subject to an error arising from the presence in human serum of a 
varying amount of natuial amboceptor capable of being reactivated by 
guinea-pig’s complement” He found experimentally that four units of 
antisheep amboceptoi jirevent entirely the detection of one unit of sjqibi- 
litie antibody The modification of the Wassermann technic devised by 
him has, among other advantages, that of avoiding this danger by the 
use of a hemoljdic system consisting of human blood cells and the seium 
of a rabbit immunized against them 

Several other methods of obviating this source of erroi have been 
suggested which still make use of sheep corpuscles as in the original 
Wassermann method That of Bauei,= in which each serum is tested for 
antisheep amboceptoi and artificial immune serum added onl}’’ to those 
which show an insufficient amount of natuial antisheep amboceptor to 
give complete hemotysis with the amounts of sheep cells and complement 
used in the Wassermann reaction, will of course be efficient in those cases 
in which the human serum contains just enough amboceptor to give 
complete hemolysis As, however, some serums contain manj times this 
amount of natural amboceptor, with these the source of error still remains 

*Froin the Pathological Department of St Luke s Hospital, P C Wood, D , 
Director 

1 Hoguchi Jour Bxper Med 1909 xi, 392 

2 Bauer Sem med , 1908 xxi iii 429 
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JacobflGus^ proposed absorbing the sheep amboceptoi fiom human 
seium b}^ incubating the semm, after the addition of sheep cells at 37 C 
for one-half hour, then centrifuging off the cells and proceeding with 
the Wassermann reaction according to the regular technic In a senes 
of 257 cases he obtained about 10 per cent more positives by this method 
than without absorption He asserts that complementoid is also lemoved 
b}' this method, thus giving it the adiantage of a modification introduced 
by Wechselmann^ in which complementoid is removed by digesting the 
inactivated human serum with barium sulphate Bauer® had previously 
tried the same proeeduie nhich Jacobaeus employed, but discarded it on 
account of its making the seium antiJiemoIjtie He declared that this 
piopeitj was much increased by the addition of liver extract, thus causing 
negative seiums to give positive reactions 

S Minta,® using this method in a senes of thnfy-eight cases, obtained 
thirty positive reactions against tuentj-five without absorption The 
serums which leacted positively veie all syphilitic 

I have tiled this method of amboceptoi absorption on 305 serums 
regal dless of the amount of natural antisheep amboceptor present The 
results of the Wasseimann leaetion on each of these seiums has been 
compaied uitli the result of the reaction on the same serum with the 
natuial antisheep ambocepto^ piesent 

Onl} fiftj-thiee of the 305 serums contained one or moie units of 
natural antisheep amboceptoi in 0 3 c c , that is, sufficient to hemoly^e 
completely 1 c c of a 5 pei cent suspension of sheep coipuscles in tlie 
presence of one unit of complement In seventy serums theie was no 
tiace of antisheep amboceptor in 0 3 e c In the lemaining 183, antisheep 
amboceptor was piesent, but in a quantity not sufficient to produce com- 
plete hemolysis 

The technic employed to lemove the autisheep amboceptor fiom the 
human serum was as follows To 0 5 c c of the patient s serum, aftei 
inactii ation, was added 3 c c of 0 85 pei cent salt solution and ^ ^ 
of sheep cells Aftei shaking, the mixture was incubated at 37 0 foi 
twenty minutes The cells uere then centrifuged off and the supernatan 
fluid used m the Wassermann reaction, 0 5 c c of the diluted seium 
being used m the tube with antigen and 1 cc m the control tube without 
antigen, the amount of antigen, complement, etc, being correspondingly 
ledueed to one-half the nenal qnantitj. The lemamde. of the fluid 
used to test the completeness of the amboceptor absmpf.on In about 

3 Jaootoeas Ztsolii f InmumitatsforBoIiniig, 

4 Weclwetonn Zteh. f Imini.mUlBforsolm..g. 524 

5 Bauer Beri Win Wchnschr, 1908, xiv, 834 

C S Mintz Ztschr f Irorounit itsfoi seining, 1911, , 
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one-quaiter of tlie cases a sufficient amount of the patient’s serum was 
used to test foi remammg antisheep amboceptor in a full cubic centimeter 

In all but three of the 305 serums, removal of the sheep amboceptor 
was complete In each of these 0 2 c c showed a faint trace of hemolytic 
power for sheep cells still present One additional serum showed very 
slight hemolytic power remaining in a full cubic centimeter but none was 
demonstrated in 0 2 c c 

So far as the removal of antisheep amboceptor from human serum is 
concerned, we may conclude that the method is practically always efficient 
The objection to the method is that inhibitory bodies are in some way 
produced by this process (“Sachs-Friedberger phenomenon”) which con- 
siderably slow hemotysis, there sometimes being a trace of inhibition at 
the end of an hour in the control tubes and in negative serums The 
difference in reaction between positive and negative serums is, however, 
clear-cut, the mhibitory action not being sufficiently marked to lender the 
method impracticable as a means of avoiding any erroi which may be due 
to the presence of natural antisheep amboceptor 

Eossff asserts that incubation at 0 C for twenty minutes is as efficient 
in absorbing the amboceptor as incubation at 37 C , while by this method 
the inhibitory phenomenon does not appear ; His method is to add 0 5 c c 
of sheep red blood corpuscles to 1 5 c c of the patient’s serum, both having 
been previously cooled to 0 C This mixture is kept at this temperatuie 
for from twentj’’ to thirty minutes, then rapidly centrifuged, and the 
serum drawn off with a pipette In a series of sixty syphilitic cases Eossi 
obtained fifty positives by the Wassermann reaction and fift 3 ’'-six positives 
after absorption 

This method of absorption, as well as that at 37 C , was tried on 195 
of the above 305 serums In a jioition of these the Eossi technic vas 
followed in detail With the lemamder the technic was the same except 
that serum and cells were mixed in the pioportions used for absoiption 
at 37 C This method was found equally efficient in absoibing the anti- 
sheep amboceptor So far, however, as the avoidance of inhibitor} action 
IS concerned, it was unsuccessful, there being little if any diffeience in 
this regard between the two methods 

The results of the Wassermann reactions on the 305 serums v itli 
natuial antisheep amboceptor still piesent and on the same seiiims after 
the amboceptor had been coinpletel}" removed is shown in Table 1 The 
results of the Wassermann reaction following absorption at 0 C did not 
differ in an}’’ particular from those following absorption at o7 C 

7 Rossi Ztschr f Immunitatsfoi sclmng 1011, x, 321 
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Table 1 — ^Wassebmann Reaction on 305 Serusis Betobe and Attee Removal 
or Natural Antisiieep Amboceptor 

Wasserraann Reaction Positive Doubtful Doubtful Negative 

Positive Negative 

On serums with natural antisheep amboceptor 103 IG 2 184 

On serums after removal of antisheep amboceptor 104 18 1 182 

Those cases are classed as positive which give complete mhibition in 
the tube containing 0 3 c c of patient’s serum and antigen, with com- 
plete hemolysis m the contiol tube containing 0 4 c e of patient’s serum 
without antigen Those in which there was a slight trace of hemolysis 
in the tube with antigen and complete hemolysis in the control, and those 
which, with complete inhibition in the tube with antigen, showed a trace 
of inhibition in the control, are classed as doubtful positive Those with 
paitial hemolysis with antigen or partial inhibition in the control are 
classed as doubtful negative, all others as negative 

As IS shown by Table 1, there was a difference in results in but tliree 
of the 305 cases The eases in which the reaction differed were as follows 

1 Pyorrhea Alveolaris — ^No history of syphilis obtainable The serum con- 
tained 5 units of antisiieep amboceptor Wassermann reaction, with antisiieep 
amboceptor present, negative, after removal of antisiieep amboceptor, doubtful 
positive 

2 SyplnUUc LaryngtUs — Piimary lesion fourteen jeais ago Treatment pre 
vious to Wassermann reaction not knowm The serum contained over 3 units of 
antisheep amboceptor, the exact amount not being determined Wassermann 
reaction with antisheep amboceptor present, doubtful negative, after removal of 
antisbeep amboceptor, positive 

3 Tahes Dorsalis — No history of syphilis Seium contained 2 units of anti 
sheep amboceptor Wassermann reaction, with antisheep amboceptor presen , 
negativ'e, after removal of antisheep amboceiitor, doubtful positive 


Table 2 — Classitication of 423 Wassermann Reactions Done on Serums 
Without Amboceptor Absorption 

Positive Doubtful Doubtful Negative 
Positive Negative 


Syphilis — 

Primary 

Secondaiy, untieated 
Secondary, treated 
Tertiary 
Latent 
Congenital 
General paresis 
Tabes 

Diseases possibly of syphilitic origin 
Aneurysm 
Aortic insufficiency 
Facial paralysis 

Chronic inflammations of the eye 
Diseases not diagnosed clinically as syphilitic 


6 

20 

7 

54 

24 

2 

1 

5 

6 
9 
1 
7 
1 


1 

0 

D 

11 

9 

1 

0 

2 


0 

0 

2 

2 


0 1 

0 1 

1 4 

1 10 

1 2C 

0 2 

0 0 

1 2 

0 0 

0 5 

0 2 

0 13 

3 177 
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It will be noted that m none of these cases was the variation in results 
a difference between a frank negative and a frank positive reaction, thus 
differing considerabty from the results reported by Jacobaeus and other 
observers It will be seen from Table 2 , in which are classified the 
last 423 "Wassermann reactions done on serums without amboceptor 
absorption, that the figures are similar to those reported by other labora- 
tories using the Wassermann method The 305 cases on which absorption 
methods were tried are among this number The three cases classed under 
^TDiseases not diagnosed clinicall}'- as S 3 ’philitic” which gave positive or 
doubtful positive reactions require special mention 

Rheumatoid Ai tin tits — ^Wassermann was positive, no history of syphilis 
obtainable Patient complained of pain and swelling in her right great toe of 
three weeks’ duration, and pain in right ankle and left arm for one week On 
entrance toe was swollen, somewhat red and tender There was slight tenderness 
over innei aspect of left tibia Temperature was normal During the five weeks 
in hospital, both elbows, and several phalangeal ]oints were involved Patient 
was on mived treatment eleven days, potassium lodid being continued nineteen 
days longer without impiovement 

Gelatinous Gaicinoma of Rectum — ^Wassermann was doubtful positive The 
patient denied lues and the past history was not suggestive Diagnosis was made 
from section of excised portion of tumor 

Lymphosai coma of Tonsil — ^Wassermann was doubtful positive This woman 
gave a history of one miscarriage, one child horn dead at term, one child dead 
at 22 months (cause not knoAvn) She had two living children Otheiwise there 
was nothing suggestne in the past history Diagnosis was made from section of 
excised portion of tumor 

In reportmg results of tlie Wassermann reaction it is unnecessary to 
give m detail the technic emplojed, the method bemg so well Imown 
There are, howevei, certain points which, it seems to us, should be men- 
tioned In the reactions lepoited here tlie gumea-pig serum was always 
titrated and care taken never to use as much as 2 units, as vill very 
frequentl}’’ be done if 0 1 c c is used The antigen used in nearly all 
of the 305 cases was an acetone msoluble fraction of beef heart prepaied 
as recommended by Hoguchi ® The quantity used in the reaction was 
0 01 c c This antigen was not hemolytic oi anticomplementaiy m four 
times this amount and had high antigenic properties Titrated agamst 
four positive serums, it gave vith one complete inhibition in one-tenth 
the quantit^^ used, with a second complete inhibition m one-thirteenth, 
and with the other two complete mhibition m one-twentieth the quan- 
tity used 

As the results obtained b} the amboceptor absorption methods varj’’ 
considerabl}* from those reported by other observers^ experiments were 
done to test the effect of the mtroduction of artificial amboceptor on the 


S Xoguchi Serum Diagnosis of Syphilis Ed 2 1911 Phila 
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■Wassermanii reaction done with tlie above antigen Three serums weie 
selected which were frankly positive with this antigen, and Wassermann 
reactions ueie done on each of these after the addition of 5, 10, and 15 
units of artificial antisheep amboceptoi Eeactions were also done on the 
same serums without the addition of artificial amboceptor and after the 
addition of 5, 10 and 16 units, using an amount of antigen which by 
titration with each seium contained 2 units of antigen foi that serum 
Each serum contained natural antisheep amboceptor .but in an amount 
less than 1 unit This was not lemoved 

Serum 1 contained 2 units of syphilitic antibody Wassermann reactions were 
positive with both strong and weak antigens With the addition of 5, 10 and 15 
units of amboceptor the reactions were doubtful or negative with both antigens, 
but the inhibition was greater with the stronger antigen 

Serum 2 contained 18 units of syphilitic antibody Wassermann reactions 
were frankly positive with the strong antigen, even with the addition of 5, 10 and 
15 units of amboceptor With the weak antigen the serum gave a fiankly posi- 
tive reaction when artificial amboceptor ivas not added With 5 units of ambo- 
ceptor the reaction was doubtful, with 10 and 15 units, negative 

Serum 3 contained more than 25 units of syphilitic antibody Wasseimann 
reactions were frankly positive with both antigens with 15 units of antisheep 
amboceptor present 

CONCLUSIONS 

Erom the above cases and expeiiments I conclude that it is possible 
for antisheep amboceptor in human seium to affect the Wassermann leac- 
tion, but that when an antigen of high titei is used this is possible only 
with serums of very low antibody content and several imits of anti- 
sheep amboceptor As these two conditions, in m} experience, occur but 
rarely in practical work, I feel that, when a strong antigen is used, tlie 
importance of antisheep amboceptoi m human serum as a cause of nega- 
tive reactions in syphilitic cases is not gieat As a routine procedure, 
the absorption of amboceptor is unnecessar}'- Its removal is, however, 
advisable from serums which give a negative oi doubtful leaction, and 
which contain a large amount of antisheep amboceptor This is easily 
accomplished by digestion with sheep cells It is immaterial whether this 
IS done at 0 C , 37 C , or at room temperatuie 



A FUETHEK EEPOllT ON THE PEODUCTI 
MENTAL CHEONIC NEPHEITIS IN 
BY THE ADMINISTEATION 
HEANIUM NITEATE 

ERNEST C DICKSON, MB (Toroa 

S\X IRAA CISCO 

111 a piGMons lopoil^ I was able to show that by t 
mamimi iiitiate to guinea-pigs it is possible to pioci 
tiou uliich IS analogous to vaiious stages of chioiiic 
mail These changes ueie quite constantly piodiic 
aftei the aclministi ation of uianiuni nitiate in any 
tliiee nays liist, after a senes of fiequentl} lepeatc 
small doses of the diug, second, aftei a sciie« of iii^c 
laige doses at intervals of a considerable length of ti 
the injection of a single subleihal dose 

The eailiei expeiiments ucic peifoimed exelu*?! 
but duiing the past tliiee -^eais a huge numbci of e\ 
peifoimed on guinea-pigs, labbits and dogs in the ho 
pievious obseivatioiis and of pioducing the conditio 
difteient kinds i\hich would bo bcttei suited foi sec 
In all of these Lpes of animals it has been possibl 
which aie chaiacteiistic and uliich aie veiy similai 
ease It is tine tliat the histological pictuie diffeis co 
which IS found in human nephiitis, but the gioss appe 
in advanced cases is that ol gianulai atrophy, and th( 
is that of an extieme and piogiessive libiosis with ac 
in the tubules and glomeiuli, so that one cannot 
desciibc the condition as a tine chionic diffuse iiephii 
that these lesults aie seemingly at vaiiance with 
Chiistiaii and Smith,- who veie unable to lepiodue 
to those which I had pieviously lepoiled in guinea 
found that in labbits they obtained less satisfactoiy i 
iiiti ate than with potassium bichi ornate 

"Manusciipt submitted foi publication Maicli 15, 191 

''Fiom the Pathological Laboiatoiy of Coopei Medici 
Stanfoid Ji Univeisity 

'"A poition of these expeninents weie peifoimed und 
Rockefellei Institute foi Medical Reseaich 

1 Dickson, E C A Repoit on the EApeiimental Piodm 
iitis in Animals by the Use of Uiaiiiuiii Nitiate, The Arci 
ill, 5 and 6, 375 

2 Smith, R M Evpei iinental Clnomc Nephiitis Tin 


558 


THE AECmVEE OF INTEEKAL MEDICIXE 


Befoie detailing the piotocols of the cases mIiicIi I -nish to leport^ it 
noiild seem advisable to desciibe briefly the ehaiacteristie histological 
picture of the lesions since the} occui so constantly not onl} in the 
kidneys of the diffeient animals of the same kind and of the same expeii- 
mental senes, but also in the kidneys of animals subjected to difEeient 
experimental piocediiies and, indeed, even in the kidneis of the diffeient 
kinds of animals 

The kidneys all shov piolifeiation of the inteistitial connective tissue 
uhich IS constantly much moie maiked and much nioie fibrous in the 
innei /one of the coitex Fiom this innei Abiotic aiea lajs of more 
cellulai connective tissue ladiate out towaid the siiiface, and in the nioie 
SCI ere cases which have gianulai sui faces these lays extend to the suiface 
and coriespond to the small depiessions on it In the majoiit} of cases 
the pioeesses aie faiil} veil lestiicted to the medullaii lajs but in the 
moie seveie cases, especially in the kidne}s of dogs theie is a maiked 
diffuse piolifeiation of connective tissue all thiough the coitex so that 
piacticallv no noimal appearing tissue lemains In all cases the con- 
nective tissue is quite cellular in the outer zone of the coitex, and in niani 
cases theie aie laige aieas of dense lound cell inAltiation in the legion 
of the laigei vessels and aiound some of the glomeiuh In man} cases 
theie IS a moie oi less well maiked pioliferation of connective tissue m 
the oiitei poition of the medulla 

The gloineiulai changes van consideiabh, depending on the situation 
of the glomeiuh in the coitex and the seveiitv of the fibiosis of the 
kidnev, and they aie alwajs much moie seveie in the innei zone of the 
coitex wheie the connective tissue piolifeiation is most maiked In even 
case the glomeiulai lesions would seem to be of seeondaiv natuie, since 
in the acute uranium nephiitis the glomeiuh show piactically no lesions ® 
The most constant change is that of pyknosis and fiagnientation of the 
nuclei in the tuft In some moie seveie cases theie seems to be an 
increase in the connective tissue elements in the tufts, and in a few cases, 
especially m rabbits, there is distinct thickening of the capillan walls in 
the tufts, and a deposit of some hyaline substance in some of the tufts 
In the areas wheie theie is maiked fibiosis many of the glomeiuh aie 
completely collapsed In piactically all cases theie is moie oi less maiked 
thickening of the glomeiulai capsules and in man) theie is piolifeiation 
of the eapsulai epithelium In manv cases theie is exudation into the 
capsulai spaces, and in some there is also detached epithelium which 
seems to be ciovded into them fiom the adjoining tubule In manv eases 
the capsules aie distended and foim quite laige cjsts In those moie 

3 CliTistian has oesciibed the occmience of small, o^al oi lOund hvaline 
bodies in the glomeiulai tufts of lahhits uhich neie siihiected to acute uianiiuii 
poisoning Boston Med and Sing Join 1908 cIik S, and Thk Abciiiies xt 
M no, 1911, am, 469 
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seveie cases in ivliicli the majoiity of the glomeiiili aie extensively dam- 
aged, tlie few inoie noiinal appealing gloineiuli are much laigei than 
noimal, often showing ovei twice the noimal diametei, a condition 
undoubted]-^ due to a compensating h5'-peitiophY 

Theie is veiy constanth a maiked paienehymatous change in the 
tubulai epithelium, although the extent of this depends laigely on the 
time which has elapsed since the last iiyiection of uianium The convo- 
luted tubules aie as a lule. In';*; seveieh damaged than aie the smallei 
tubule=:, hut theie is usualh maiked hidiopic degeneiation of the epi- 
thelium and often a coaise, gianulai degeneiation in wdiieli the gianules 
take a deep eosin stain Occasionally tlie convoluted tubules slioiv piknosis 
and desquamation of the epithelium and contain much exudate and 
debus in then dilated lumens A few tubules aie widel} dilated and 
foim small c'^sts The most seveie and most constant paienchimatous 
degeneiation is found m the ascending limbs of IJenle, and in the smallei 
connecting tubulec Ileie theie i'^ maiked pykiiosis, desquamation, and 
often complete neciosis of the epithelium, and fieqiiently almost complete 
blocking with desquamated cells and dense hvahne casts In the few 
ea=es wheie fatti degeneiation is piecent it is almost whol]^ confined to 
the epithelium of the ascending limbs of Henle In the aieas of fibrosi« 
mam of the tubulcc aie collapsed and fin unken and m man} places aie 
iepie«ented bi small accumulations of piknotic and fiagmented nuclei 
In the ma.ioiiti of ca^es the collecting tubules aie quite noimal in 
appeal ance excepting foi the piesence of exudate desquamated cells and 
easts 111 then lumens, but in a few cases theie is actual destiuction and 
desquamation of the collecting tubule epithelium, and in some jilaces theie 
seem'! to be an attempt at legeneiation of the epithelial covering 

111 none of the cases is theie any constant and chaiacteristic change 
in the smallei blood-vessels In practically all of the moie fibiotic kid- 
ne'^s theie is a definite peii-aiteiial fibrosis wdiich seems to be more 
maiked m dogs than in the othei animals, but nowdieie could be found 
change'! in the iiitima and media of the smallei arteiies such as are 
constantl} piesent in chioiiic diffuse nephiitis in man 

A faiily complete review of the liteiature on expeiimental chronic 
nephiitis may be found in my i?ievious lepoiV ^^so in lepoits made 
by Ophuls,^ Lyon,'= Peaice« and Cliiistian ^ so that a fuither leview^ wall 
not be made at this time 

4 Ophuls Expeniuental Cluoinc Nephntis Joui Am Sied Assn, 1907 

xlviii, 483 _ ^ 

5 Lyon Expei imental Study on the Action of Some Poisons and Toxins on 

the Kidncj Joui Path and Pact , 1903 04, i\, 400 

0 Peaice Pioblems of evpeiimcntal nephiitis Ihe Archives Ixt Med, 
1910, V, 133 

7 Christian Expeiimental Nephiitis Poston Med and Sing Join , 1908, 
eh'in 410 
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The method of expeiiinent was the same as employed in my fiist senes 
The nianium nitiate was injected subcntaiieously in an aqueous solution^ 
and the nnmbei and freqnenc}^ of the injections was controlled chiefly bv 
the vaiiations in the \i eight of the animals Eontine mine examinations 
were not made except in isolated cases, but from time to tune specimens 
of mine fiom the dogs weie collected and subjected to the usual eliniral 
methods of examination 

The histological pictuie of acute niannim nephiitis has been so 
frequently desciibed that I shall not include in the present senes am of 
the animals which succumbed dm mg the fiist fom or five weeks of the 
expel iment 


A FREQUENTLY REPEATED INJECTIONS OF SMALL DOSES 


I EXPEBIJIENTS OX GOIXm-PlGS 


Piolocol 1 — Guinea pig 2, 1900, leceived twenty six injections of 0 5 mg, 
and seven injections of 1 mg of uianium nitiate dnnng 217 days The animal 
died aftei leceiving the senes of 1 mg doses Weight at beginning of expeiiinent 
750 gm and at the time of death 050 gni 

Autops 3 ' No subcutaneous edema, no ascites , 5 c c of ui me showed much 
albumin and sugai and a few gianiilai casts, kidneys noimal in size, pale, 
capsule slightly adherent, cut suiface cloudy and pale, medulla daiker than coitex, 
liver somewhat congested, light ventiicle dilated, aoita appaiently iioimal 

Micioscopical Examination The connective tissue piolifeiation is not veiv 
marked and is confined to the iniiti /one of the coitex llieie aio many mens of 
loiind cell iiifilti atioii in the coitex Theie is veiv maiked pai eiichviiiatous 
change, especiallj' in the smallei tubules, uith much pyknosis and desquamation, 
and many hyaline casts 

Protocol 2 — Guinea pig 3, 1909 leceived eightj' injections of 0 5 mg, and 
foui injections of 1 mg of uianium nitiate during 696 days The animal died 
tuo days aftei the last injection of 1 mg Weight at beginning of expeiinient 550 
gm , maximum weight 860 gm , v eight at time of death 510 gni 

Aiitopsj No subcutaneous edema, ascites oi hj'di othorax , 5 cc of mine 
shoued no albumin oi casts, kidnejs noinial si/e, led, smooth except foi a few 
small dimples -which aie moie numeious on the light kidney, capsule not 
adheient, cut suiface cloudy, markings faiily distinct livei congested, light 
lentiicle dilated, aoita appaientlj^ noimal 

Alicroscopical Examination Model ate prolifeiation in the inteistitial con- 
nective tissue, in the usual location, very>^ little pai enclD inatous change, glomeiu 
lai and tnbiilai changes charactei istic 

P)otocol 3— Guinea pig 4, 1909, leceived seventy injections of 0 5 mg of 
uianium nitiate duiing 590 days and died on the 595th daj'' Weight at begin 
ning of expeiiinent 440 gm niriximum neiglit 790 gm , neiglit at time o deatli 
720 gm 

Autopsy No subcutaneous edema oi mine, about 30 cc of sliglith blood 
stained fluid lemoved fiom peiitoneal sac, kidneys small, suiface pale 
hemoiihagic spots, capsule not adherent, cut suiface somewhat clou j , in es ines 
mucli congested, livei pale, heart and aoita appaiently noimal 

Micioscopical Examination Modeiate mciease of inteistitial connective 
tissue, almost eiiiiiely located in innei zone Charactei istic glomeiu ai am 
tubulai changes in the Abiotic areas Little pai eiicliymatous change in tubulai 


epithelium Many hyaline casts 

P)otocol 'i — Guinea pig 5, 1909 
uianium nitiate dining 695 days. 


received eighty six injections of 0 5 mg of 
and died six days aftei the last injection. 
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weight at the begiiming of tlie cxpeinnent 520 gni inaxnnum weiglit 800 gm , 
weight at time of deatli 500 gm 

Alltop‘^^ No subcutaneous edcnn sliglit asciics and ludiotlioiax (10 cc 
of fluid collected fioni peiitoncal s.ic and aliout Ice fiom each pleuial sac) 
A few c c of 111 me showed a tiace of albumin but no casts Kldne,^s about noimal 
si7e daik led, capsule dehniteh adheienl smfate e\ei\wheie fineh gianulai, 
cut sill face bulges and is cloiuh , no c\sts ^een lungs and Inei congested light 
\entiicle dilated aoita aiipaicnlh noinial 

Micioscopical Examination Von niaiketl piolifeialion of iiitei stitial con- 
nectne tissue in both innei and oiilci /ones of coitex m.iin laAs extend to the 
sill face, glomoiuli show chaiactei istic changes >onie aie c\stic tiibiilai epithe- 
lium shows little degeneiatioii except in fibiotie aieas mam h\ aline casts 
Pioiocol j — Guinea ])ig 0 1000 letened foiti-se\cn iniectioiis of 0 5 mg of 
iiianium niti ite dining .100 (bus and died on the ri4th daA \\ eight at begin 
iiiiig of expel imeiit (tOO gm maximiiin weight 770 gm weight at time of death 
040 gm 



Fig 1 — Guinea Pig 14 Senes B, Piotocol 7 X 25 Note the wide distiibu- 
tion of the connective tissue piolifeiation in the ninei /one of the coitex, and the 
lays extending towaid the siiifaee, also the depiession at tlie place wdieie one 
la^ leaches the suifacc 

AutopsA No subeut ineoiis edema and no in me, tlieie was a small amount 
of fluid 111 the peiitoneal sac and the stoniacli wxas distended with fluid, kidneys 
slightly sniallei tiian noinial, mottled, slightly dimpled, capsule not adheient, cut 
sill face cloudy, not swollen, Inei congested henit and aoita appaiently noimal 

Micioscopical Examination Slight connective tissue piolifeiation in mnei zone 
of coitex, some glomeiuli show chaiactei islic changes and a few^ aie cystic, veiy 
niaiked paienehymatous change wuth much desquamation, many hyaline casts 

P'toiocol 6 — Guinea-pig 27, 1009, leceived thiity seven infections of 0 5 mg 
of uianium nitrate duiing SCO days, and died on the 429th day Weight at 
beginning of expei iment 570 gm maximum w^eight 880 gm , w'eight at time of 
deatli 630 gin 
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Autopsy Xo subeutaneoiis edema aud no uiine, a small amount of fluid in 
peutoneal sac. kidneys noimal size, capsule slightly adherent, surface daik led 
and finely granulai, cut suiface not cloudy, markings fairly distinct, liver and 
lungs congested, aoita apparently noimal, right ventiicle somewhat dilated 

Micioscopical Examination Modeiate proliferation of inteistitial connective 
tissue with many laj's extending to the surface, glomeiuli show usual cnaiiges, 
and some are cystic, there is modeiate pai eiichymatous change with desquamation 
111 the smaller tubules, and many hyaline casts the tubules in the fibiotie aieas 
aie shi unken and collapsed 



Fig 2 — Guinea Fig 14 X 90 Note the pioximity to a laige blood vessel, 
the marked fibrosis, and the sliiinkage of tubules in the fibiotic area 

II EXPERI5I^-^^S OK RABBITS 

Piotocol f— Rabbit 11, 1909, received tliiitytuo injections of 1 mg of 
uianium nitrate during 196 days, and died on the 203d day Weight at beginning 
of expel iment 3,075 gin and at the time of death 2,020 gin 

Autopsj'^ No subcutaneous edema, no ascites, and no urine Double flbiino 
purulent pleurisy Kidneys somewhat enlarged, suiface smooth capsule not 
adherent, cut suiface bulged and distinctly cloudy Livei congested light 
lentiicle dilated aorta apparently normal 

Microscopical Examination Marked diffuse prolifeiation of interstitial con 
nectne tissue, with manj rajs extending to the suiface, and nith many aieas o 
lound cell infiltration, glomeruli show thickening of capillaiy nails, and nine i 
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eMuIate in capsulai space'^ inaikcd paioncliMiiatous degcnoiation of tiibulai cjn 
tlielunn ^^ltll imicli dp'squaniation in Ilcnlcs loops and collecting tubules, and 
mam" In aline casts inaikcd atiopln and collapse of tnbnlos in the fibiotic aieas 
Pioiocol 2 — Rabbit Id 1000, iccened iliiit\ siibciitaiicons inicctions of 1 mg 
of iiianiuin nitiate duiiiig 1!)3 da\s and died on tbe IHGtli da^ Weight at begin 
iiing of Gvpeiinient 3 250 gin at time of death 2,430 gin 

Antops\ A'o subcutaneous edema no ascites no uiino, kldne^s laigo, pale 
smooth, -with numcious small scais on suifacc capsule not adbeient on see 
tion A\as some bulging and maiked opaciU tbe coite\ -was pale and tbe 
medulla dark icd lieei congested light Aontiiclc dilated aoita appaieiitl) noi 
inal nniked double fibi iiio pin iilent jileuiisv 



Fig 3 — Guinca-Pig 8, Senes B, Piotocol 1 X 100 Note the niaiked pen 
aitenal fibiosis, and the pio\imity of the damaged glomeiuli to the vessel 

Micioscopical Examination Veiy maiked, difluse piolifeiation of inteistitial 
connective tissue, with many laige aieas of lonnd cell infiltiation The majority 
of the glomeruli and tubules are damaged, maiked paiencbymatous degeneia 
tion, much desquamation in smallei tubules and many hyaline casts 

Piotocol S — Rabbit 15, 1909, icceivcd thiity-thiee subcutaneous injections of 
1 ing of uianium nitiate during 274 days, and was killed on tbe 457th day 
Weight at the beginning of the expeiiment 2,850 gm , at the time of death 
-,950 gm 

Autopsy No subcutaneous edema, slight ascites, no mine, kidneys lathei 
small, pale and slightly gianulai , capsule not adbeient, on the suiface 
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^^cle a fe^\ small liemonhagic spots and a few small cysts On section the cut 
Suiface "was pale and the eoite\ was appaientlj' thinnei than noin?al 

Micioscopical Examination Ven maiked piohfeiation of inteistitial connee 
tive tissue, with maiked innei fibiosis, and many lays extending to suiface, 
maiked glomeiulai changes, capillaiy walls of tufts thickened, and many of the 
capsules cystic, model ate paieiiclnmatous change, little desquamation many 
tubules imoKed in fibiotic aieas, sbinnken, mam hi aline casts 

Ptoiocol 'i — Eabbit 18, 1009, icceived thntyioiir injections of 1 rag of 
uianium nitrate duiing 278 dajs and died about thiiteen months aftei the fiist 
injection 

Autopsi Kidneys lathei small pale, finelj gianulai, capsule not adheient 
cut suiface not sw'ollen, cortex thinnei tlian noimal 

i^Iicioseopical Examination Veiy maiked and veiy diffuse piolifeiation of 
inteistitial conneetiye tissue, with many lais of cellulai connective tissue extend- 
ing oiitwaids fiom the innei fibiotic aiea, veil mam aieas of lound cell infiltia- 



Fig 4— Eabbit 41 Series B, Piotocol 12 X 40 Note the wide distiihution 
of the lesion, the gicatei seieiiti in the iniiei /one of the cortex, and the laige 
glomeiulai cist 

tioii in the eoitex, extensile glomeiulai changes, thickening of capillaiy walls, 
inciease in connective tissue in tufts and dilatation of capsulai spaces, maiked 
parenchimatous degeneration of tubules ivitli much shrinkage and desquamation, 
maiked desquamation of epitlielium of collecting tubules, mam hi aline casts 
maiked atiophv and collapse of tubules in the fibrotic areas 


B OCCASIOXAB STJBLETHAL DOSES 
I nxPEKiMi-xas oic ouix ex-pigs 

Biofoco? J— Gumea-pig 8 1909 lecened ten injections of 5 mg of iiianium 
mtiate dining 461 dais and died two d-ijs aftei the last injection weight at 
beginning of experiment 620 gm maximum weight 690 gm , weight at time 

of deith 600 gm 
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Autops-s Von inaikod subcutaneous cilenia o^el belh and legs, no ascites, 
lndiotIioia\ oi mine kidiuns Acn small about twotlinds nonnal si/e, suiface 
pale giamilai, capsule adlieient, cut smface pale and cloudA, coitev thin, no 
cysts seen Inei and lungs congested heaii laige light Aentiiele dilated, aoita 
appaieiith nonnal 

Micuiscopical Examination Alaiked piolifeiation of inteistitial connective 
tissue uitli main laAS extending to the siuface little lound cell infiltiation 
niodeiate chaiactenstic changes in the glonieiuli and tubules in the fibiotic aieas 
some gloiiieiulai CAsts, lelatneh little jiaiencln niatons change in the iiioie 
nonnal appealing tubules main Inaline casts 

P}o1ocol ? — Gninea-pig 0 lOOb lecened six iineetions of 1 mg of uiaiuum 
nitiate dining 110 daAs and died se\on daAs aftei the last inieclion, Aieight at 
beginning of expenment 725 gm at time of death J35 gin 

AutopsA Xo subcutaneous edema no ascites no mine kidncAs slighth 
SAAollen pale slighth dimpled capsule nol adheient cut suiface cloudA and 
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Fig 5 — Rabbit 41 X 100 Note the dilhise disti ibutioii of the connective 
tissue piohfeiatioii, the collapse of the tubules and the pAknosis and desquama- 
tion of the tubulai opitlieliiim 

swollen, coitexpalei tlian meduiia, Inei congested, nght A'entncle dilated, aoita 
apparently nonnal 

Mici oscopieal Examination Veiv niaiked dilfiise piolifeiation of mteistitial 
connective tissue aaIucIi is veiy cellulai . little shnukage, maikod glomeiulai 
changes Aiith many cysts maiked paienchymatous change AVith much desquama- 
tion and many dense hyaline casts 

Piolocol 3 — Guinea-pig 10, 1009, leceivcd eight iniectioiis of 5 mg of uianium 
nitrate during 400 days, and died five clays aftei the last iii]ection, AA’-eight at 
beginning of expenment 520 gm , maxmium AA^eiglit 830 gm , AA^eight at time of 
death 470 gm 

Autopsy Model ate subcutaneous edema ovei belly, tlioiax and legs, 30 cc 
flvncl lemoA'ed fiom peiitoiieal sac, and scveial cc fiom both plemal sacs, pen 
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Midium was distended -nith fluid to about twice noimal sue, no mine, kidneys 
about normal size, dark red, slightly dimpled, capsule slightly adlieient, cut 
suiface cloudy, not swollen, no cysts seen, livei congested, light ventricle dilated, 
aoita appaiently normal ’ 

Micioscopical E\amination Slight diffuse piolifeiation of inteistitial con- 
nective tissue and man's aieas of lound cell infiltiation, relatively little glom- 
eiulai change although a few capsules are cystic, veij marked paienchymatous 
degeneration in all tubules, much desquamation and many hyaline casts 

Ptotocol It — Guinea-pig 11, 1909, leceived foui injections of 5 mg of uianium 
nitiate dining 248 days, and died eleven days after the last injection, weight 



Fig G —Rabbit 50, Senes B, Piotocol 6 X 90 Note the dense fibrosis, the 
fibioiis thickening of the glomeiulai capsules and the maiked destiiietion of 
tubules in the fibrous area 

at beginning of experiment 590 gm , at time of last injection 730 gm , and at time 
of death 855 gm , an increase of 125 gm during the last eleven days of life 
Autopsy Very extreme subcutaneous edema over belly thorax and legs, 
veiv marked ascites (110 cc collected and at least 30 c c escaped), a feu drops 
of fluid in both pleuial sacs, and moderate distention of pericardium, no mine, 
kidnejs swollen, surface mottled, smooth capsule not adheient, cut suiface bulg 
ing edematous and cloudv liver congested and containing small focal necioses, 
model ate perihepatitis and perisplenitis spleen large, right ventricle maikec \ 
dilated aorta apparentlj noimal 
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Micioscoincal Examination Some eellulai piolifeiation of inteistitial con 
neetne tissue aiul a few aicas of louml cell infiltiation, lelatl^cl^ little glom- 
eiulai cliange, len maiked paiPiiclninatoiis change, much desquamation and a 
lew Jnahne cast'=! 

Pioiocol ) — Guinea-pig 12 1000 iccened foui iniections of 5 gm of uiaimim 
mtiate duiing se\ent\-(i\e dajs and died nine dajs aftei the last iniection, 
weight at beginning of expeiiment 410 gin. nia\imuni woiglit 4S0 gm , weight 
at time of deatli 205 gm 

Autopsa Xo 'juhciitaneous edema no a'-cites no uiine, kidneas noimal si/e, 
-in lace smooth with small dimiilcs and a few pin point hemoiihages capsule not 



lig 7 —Habhit lOG, Senes B, Piotocol 11 X 00 Xote the maiked ineiease 
111 libious tissue, the dense lound cell infiltiation the thickening of the glomeiiilai 
capsules, and the atiophy of the tubules 


adlieient, cut suitace sw'ollen and cloudy, livei congested, nght ventiicle dilated, 
aoita appaiently noimal 

^lieioscopical Examination Slight eellulai piohfeiation of connective tissue 
m iimei 7one of coitex and a few' areas of round cell infiltiation aiound some of 
the glomeiuli, very maiked pai enchymatous change affecting all tubules, veiy 
nmneious hyaline casts and a few' cj'stic glomeruli 

Ptototol 6 — Guinea-pig 13, 1909, received foui injections of 5 mg of inanium 
mtiate during seventy seven days, and died three days after the last injection, 
w'eight at beginning of experiment 540 gm , w'eight at time of death 500 gm 
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Autopsy No subcutaneous edema, no ascites, no unne, kidneys noinial 
si/e, surface shows few small dimples, capsule not adlieient, cut section cloudj 
a few small cysts, livei congested, right veiitiicle dilated, aoita appaiently noi- 
mal 

IMicioscopical Examination Slight cellular infilti ation in iniiei zone of 
coitex yith some aieas of round cell infilti ation iii outer zone, little glonieiulai 
and tubulai change, a few glonieiulai cjsts and a few hyaline casts 

Piotocol 7 — Guinea pig 14, 1909, leceived seven injections of 5 mg of uranium 
nitiate duiing 400 days, and died seien days after the last injection, weight at 
beginning of expeiinient 550 gm ma\iniuni u eight 680 gm , weight at time of 
death 310 gm 

Autopsy No subcutaneous edema oi hydiothoiax, a few c c of ascitic fluid 
lemoved fiom peiitoneal sac, 5 cc of urine showed a tiace of albumin but no 
easts, kidnei s small pale fibious in appeaiance, suiface gianulai, capsule 
adheieiit coitev thin, cut suiface slightly opaque Livei and lungs congested 
left \en tilde seems thickei than normal aoita appaientl-s noimal 

Micioscopical Examination Veiy maiked diffuse pi olifei ation of inteistitial 
connectiie tissue and many laige areas of round cell infllti ation, veiy maiked 
glomeiulai and tubulai destiuetion in the fibiotie aieas, little pai enehyinatoiis 
change in the moie iioimal appealing tubules, many dense Inaline casts 



Eig 8 — ^Dog 6 Senes 1909 Piotocol 5 Actual size Note the maiked 
dimpling of the suiface, and the teais wheie the capsule was adheient 

Piotocol 8 — Guinea-pig 17, 1909, ieeei\ed two injections of 10 mg of uianium 
nitiate, with an inteival of seventy-seven dajs, and died seven dajs aftei the 
last injection, weight at beginning of experiment 570 gm , weight ten days befoie 
death 650 gm w’eight at time of death 380 gm 

Autopsy No subcutaneous edema, no ascites, no mine, kidneys swollen, 
mottled, cloudv and smooth, capsule not adheient livei congested, light \enti ide 
dilated, aorta apparently noimal 

Micioscopical Examination Faiih' diffuse cellulai pi olifei ation of inteisti 
lial connective tissue in inner zone of coitex, very marked parenchjmatoiw 
degeneration with much desquamation and many hyaline casts, a few glomeiii i 
contain exudate in their capsulai spaces and some aie dilated into small cjs s 
Piotocol 9 — Guinea-pig 18 1909, iecei\ed thiee injections, lespectivelj , of 

15 10 and 5 mg of uianium nitiate duiing 485 (’a%& and died eleven dais a tei 
the last injection, weight at beginning of expeiiment 800 gm , maximum weigli 

910 gm weight at time of death 540 gm , , . , 

Autopsy No subcutaneous edema 10 c c ascitic fluid and about 1 c c 
fluid 111 each pleural sac and in pericardial sac kidneis small pale, gianiilai wi i 
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adheient capsule coite\ llini cut suifacc clomh uo c^sts seen 10 c c uiine 
sliOA\ccl lieaAA cloud of albuiuiu bul uo casts 

Micioscopical Exaunuation !Modciate dilluse piohfciation of luteistitial cellu- 
lai coiiuectne tissue main aieas of louiul cell luliltiatiou and model ate fibiosis 
aiouiid tlie laigei blood Acs'^els iiiodeiate glomeiiilai cbaiige ■with maii^ 1‘iigc 
c\sts modeiale paieiicln malous cbaiige espetialh iii the smallei tubules, many 
In aline casts 

Pioiocol JO — Guinea jug 10 1000 letened two iniections of 10 mg of uiMiium 
iiitiate with an intenal of se^ent^ se\en daAs and died tne da^s aftei the second 
miection 

Autops\ No subcutaneous edema n‘«cites oi uiine kldne^ s mottled smooth, 
with a few dimples cap^^iile not .idheient coitex eloiuh Inei congested heait 
and aoita appaienth noiniil 

Micioscopical Examination Piacticalh the s mie as desciibed in Fiotocol S 



9 — ^Dog 3, Senes 1910 Piotocol 8 X 25 Note the w'lde distnbution 
and the seventy of the le'-ions, the gieatei amount of connective tissue piolifeia- 
tion in the nmei /one of the coitex and the ladiating ia-\s extending tow'aid 
the suifaee 

Protocol J1 — Guinea pig 20, 1909, leceived tliiee injections, lespectively of 
10, 5 and 5 mg of uianium nitiate dunng 485 days, and died five days aftei 
the last injection Weight at beginning of expeninent GIO gm , inaximimi iveight 
750 gin , -weight at time of death 505 gm 

Autopsy' Model ate subcutaneous edema, modciate ascites and a few’^ cc of 
mine Avhich show^ed definite albumin and many gianulai casts, kidneys laige, 
SMollen, congested, capsule not adheient, cut suiface sw'ollen and cloudy, livei 
mid lungs congested, light ventiicle dilated, aoita iioimal 

Micioscopieal Examination Tiiegulaily scatteied aieas of fibiosis and difiuse 
Piohfeiation of inteistitial cellulai connective tissue in coitex, maiked cystic 
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dilatation of both tubules and glomeiuli, the ma 3 ority of the glomeruli shon little 
damage i datively little parenchymatous change, many hyaline casts 

B EXPLIUMENTS ON BABBITS 

Fioiocol 1 — Rabbit 23, 1900 received 5 injections of 5 mg of uianium nitrate 
dining 111 days, and died on the 175th day 

Autopsy No subcutaneous edema or ascites Fifty c c of urine shov ed i ei \ 
maiked albumin and many hyaline and gianular casts Kidneys swollen, dark 
led suiface smooth, capsule not adherent, cut surface cloudj^ Livei congested, 
heait and aoita appaiently normal 

Micioscopical E-vamination Maiked proliferation of interstitial connectne 
tissue Maiked glomerulai change, with a hj aline deposit m some of the tufts 
Many hypeitrophied glomeruli Marked destruction of tubules in fibrotie areas 
lelatnely little parencln niatous change in moie normal appealing tubules 
Man^ hj aline casts 



Fig 10— Dog 3, Series 1910 X 109 Note the extreme fibiosis and loiind 
cell infiltration the thickening and beginning cyst foimation of the glomerulai 
capsules, and the marked tubulai destiuction 

Piotocol 2— Rabbit 24, 1909, lecened fom injections of 5 mg of uranium 
nitiate dining eighty one days, and died seven days after the last injection 

Autopsy No subcutaneous edema and no ascites, 10 cc of mine shoved a 
model ate cloud of albumin and many gianular casts, kidneys laige, surface shov^ 
many small scais and some small hemorrhages, capsule slightly adheient cu 
surface cloudj^ and swollen liver congested, left ventiicle seemed thicker t lan 

noimal, aoita apparently noimal ^ ^ i 

Micioscopical Examination Very marked diffuse proliferation of in eis i la 
connectn e tissue involving the whole coi tex and outei part of the ’^edu a i e 
fibiosis and little shrinkage, modeiate glomeiulai change with some fibiosis and 
some hvalme deposit in the tufts mauj of the tubules aie separated bi cellular 
piohfeiation of connective tissue, maiked paienelnmatous change some desquam 
ation and many hyaline casts 
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PioioGol 3 — Eabbit 25 1000, leceived thiee injections of 5 nig of luanium 
nitiate during seventy -foui dais, and nas killed on the 281st day, i\ eight at 
beginning of e\periinoiit 2 200 gin , at the time of death 2,930 gin 

Autopsy No siibcntaneoiis edema oi ascites, iinne showed no albumin oi 
ca«ts kidneis normal size congested, capsule not adheient smface smooth iiith 
fell small scais cut siiiface not siiollen or cloiuh heait, Inei and aoita noinial 
Micioscopical Examination Scattered aieas of cellulai connectne tissue pio 
lifeiation in coitex and a fen '^niall aieas of fibiosis in iiinei zone majoiiti of 
gloiiieiuli and tubules noimal a fen glomeiuli haie thickened capsules and 
piKno«i‘- and fiagrnentation of nuclei and a fen tubules shoii Indiopic and some 
gianulai degeneration 



I'lg 11 — Dog .'5, Series 1009, Piotocol 4 X 90 Note the extieme degiee of 
connective tissue piolifeiation, the cellukii chaiactei of the newly-formed con 
nective tissue, the maiked shinikage of the glomeiuli, and the extensive tubiilai 
de«tiuction 


Piotocol J , — Rabbit 26, 1900, leceived two injections of 5 mg of iiianiiiiii 
mtiate, with an inteival of thii tv-two days, and died seven days after the second 
injection 


Aiitopsv No subcutaneous edema and no ascites, 25 c c mine showed a tiace 
of albumin and many hyaline and epithelial casts, kidneys swollen, congested 
^uiface smooth and mottled, capsule not adheient, cut section swollen and opaque 
I'Vi laige and congested, heait and aoita noimal 
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Micioscopical Examination Veiy niailced diflnse, cellulai piolifeiation of 
iiiteistitial connective tissue in oiitoi and iiiiiei zone of cortex, Jittle fibiosis, 
inaiij^ hige aieas of lound cell inhltiation in eoitex and medulla, modeiate 
glomeiulai and tubulai change in li biotic aieas and nniked paienchyniatous 
degeneiation with some desquamation and many hyaline casts 

Ptoiocol 5 — ^Rabbit 27, 1909, leeeived thiee injections of 5 mg of luaniuni 
inflate dm mg seientyfoui days and was killed on the 112th day TJieie had 
been a huge abscess on the sliouldei foi about thiee necks pievions to death 
Autopsy No subcutaneous edema slight ascites and 30 c e of mine nliicli 
showed a tiace of albumin but no casts kidneys huge, pale, smooth with a few 
dimples, capsule not adheient, cut smfacc swollen, cloudy and edematous, Inei 
congested, heait and aoita appaiently noimal 



Fig 12— Dog 0 Senes 1909, Piotocol 5 X 60 Note the very maiked pen 
■Xitel lal fibiosis 


iMicioscopical Exiniination Maiked piolifeiation of iiitei stitial coniiectne 
tissue, xvitli many aieas of round cell infiltiation in cortex, veiy inaike g omei 
ulai and tubulai change, especially in iniiei zone of coitex maiy laige glomei- 
ulai cysts, marked paieiichyniatous change in tubules, much esquama ion 
and many hyaline easts 

Piotocol 6 —Rabbit 50, 1910, leeeived one injection of 5 mg , and two injections 
of 3 mg of uranium nitiate dm mg 158 daxs, and died on tlm 2^ day W eight 
at beginning of expeiiment 1 6S0 gm maximum weight --,4 Of gm , weij,i 
time of death I 175 gm 
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Autopsy No subcutaneous edema a few c c of ascitic fluid, and 15 e c uiine, 
winch showed a trace of albumin, many hyaline and wavy easts, and a few gran- 
ular casts, kidneys small, pale, capsule not adheient, surface flnely granulai, cut 
section opaque, coitex thin, medulla edematous, livei congested, light ventricle 
dilated, left venliiele distinctly thicker than normal, aoita apparently normal 

hlicroscopical Evamination Maiked diffuse proliferation of interstitial con- 
nective tissue Marlced glomeiulai change in innei zone of coitev, and some 
compensatory lij pei trophj' of glomeiuli in outei zone moderate pareneliymatous 
change, some desquamation, and a few hyaline casts 

Protocol 7 — ^Kabbit Gl, 1910, received three injections of 3 mg of uranium 
nitiate duiing 150 days, and died on tlie 190th day Weight at beginning of 
experiment 1,GS0 gm , nia\inium u eight 1,810 gin, weight at tune of death 
1 390 gm 

Autopsy No subcutaneous edema and no ascites, 10 cc of mine showed a 
faint tiace of albumin but no casts, kidnej'^s small, pale, finely granulai, capsule 
not adheient, cut surface opaque, lungs and livei congested, heart dilated, aorta 
appaiently noimal 

Microscopical Examination hloderate diffuse prolifeiation of interstitial 
connective tissue, relatively little glomeiiilar change, maiked parenchymatous 
change, especiallv in smaller tubules, many hj'aline casts 

Pioiocol 8 — Guinea-pig G3, 1910, recened thiec injections of 3 mg, and one 
injection of 2 mg of uianium nitrate duiing 202 days, and died on the 242d day 
Weight at beginning of expeiiment 1,730 gni , maximum weight 2,210 gm , weight 
at time of death 1,8G0 gm 

Autopsy No subcutaneous edema, marked adhesive peritonitis with old adhe- 
sions between all viscera, 10 c c of mine showed definite cloud of albumin but no 
casts, kidneys normal size, pale, mottled, finely gianular, capsule not adherent, 
cut surface opaque, liver and lungs congested, right ventricle widely dilated, 
left lentiicle in extreme sj stole, haid, and appaiently definitely hyperti opined, 
aorta normal 

hlicroscopical Examination Sloderate diffuse proliferation of inteistitial con- 
nective tissue, nitli many areas of louiid cell infiltration scatteied irregulaily 
through the cortex, moderate glomeiular change, with some compensatory hyper- 
trophy of glomeruli in the outei zone, moderate parenchymatous change, and 
many dense hyaline casts 

Protocol 9 — ^Rabbit G7, 1910, leccn'cd three injections of 3 mg of uranium 
nitrate during 150 days, and died on the 175th day, weight at beginning of 
experiment 1,720 gm , maximum weight 2,010 gm , weight at time of death 
1,250 gm 

Autopsy No subcutaneous edema, ascites oi hydiothoiax, 20 cc urine showed 
a trace of albumin but no casts , kidneys small, slightly congested, surface smooth 
uith a few dimples, capsule not adlierent, cut surface cloudj, some edema in pyia- 
mids, liver and lungs congested, light ventricle dilated, aorta apparently normal 

Microscopical Examination Model ate diffuse prolifeiation of interstitial con- 
nective tissue winch is much more cellular than usual, moderate glomerulai 
change especially in inner zone moderate parenchymatous change with desqua- 
mation, and many hyaline casts 

PjotOGol 10 — Rabbit 68, 1910, leceived three injections of 3 mg of uranium 
nitrate during 150 days, and died six days aftei the last injection, weight at 
beginning of experiment 1,580 gm , maximum weight 1,780 gm , weight at time of 
death 1,200 gm 

Autopsy No subcutaneous edema or ascites , a few c c of urine shou ed a 
marked cloud of albumin, many hyaline and a few granular casts, kidneys about 
normal size, capsule not adherent, surface dark red in color and everywhere cov- 
ered by many large scars, cut suiface cloudy 

Microscopical Examination Very marked diffuse proliferation of interstitial 
connective tissue, and many aieas of lound cell infiltiation in cortex, fairly 



574 


TSE ARCHIVES OF lETERHAL MEET GIF E 


marked glomeiular changes, marked pai enebjonatous degeneiation of tubular 
epithelium, many hyaline casts 

Pi otocol 11 Rabbit lOG, 1910, received two injections of 3 mg of uianium 
nitrate with an interval of 105 days, and died on the 127th day Weight at 
beginning of experiment 2,260 gm , at time of death 1,200 gm 

Autopsy No subcutaneous edema oi ascites, light sided pleuropneumonia 
A few cc of uiine showed a trace of albumin and some hyaline casts, kidneys 
small, capsule adheient, surface pale and finely gianulai, cut surface pale, 
cortex thin, li\er congested, light ventricle dilated, aorta appaiently normal 
Micioscopical Examination Very maiked diffuse proliferation of interstitial 
connective tissue with many rays extending to surface, and much diffu«e piolifera- 
tion of connective tissue between the lajs, moderate glomerular change, and 
marked parenchymatous degeneiation of tubulai epithelium with some desquama- 
tion and many hyaline casts 

Protocol 12 — Rabbit 41, 1910, receued live injections of 3 mg and one injec 
tion of 6 mg of uranium nitrate during se\enty-tvo and one-half weeks, and died 
tlnity-six dajs after the last injection Weight at beginning of experiment 1,660 
gm , maximum v eight 2 720 gm , v eight at time of last injection 2,550 gm , and 
weight at time of death 1,770 gm 

Autopsy No subcutaneous edema, moderate ascites, hydrothoiax and hydro- 
pericardium, 20 c c urine showed much albumin and a few hyaline casts, kidneys 
large, mottled, capsule not adherent, surface finely granular, cut surface pale, 
coitex distinctly narrow', much edema in medulla, livei large, film, rough with 
evidence of passne congestion and mciease in connective tissue, heait large, 
left ventiicle evidently hyperti opined, right xentricle dilated, lungs congested, 
adrenals large, spleen and aorta apparently Jiormd.}, chronic adhesiie peritonitis 
Microscopical Examination Veiy marked diffuse pioliferation of interstitial 
connectiie tis«ue with many ravs extending to the surface, much proliferation in 
areas of coitex betw'een the lajs, and much round cell infiltration, model ate 
glomeiular change, much p^knosis and fragmentation of nuclei of tufts, little 
thickening of capsule or proliferation of capsular epithelium, some exudate into 
capsular spaces and moderate evst formation, very marked parenchymatous degen- 
eiation with complete neciosis in many tubules and much desquamation, evidence 
of epithelial regeneration in many tubules, few hyaline casts, marked periarterial 
fibrosis aiound many of medium sized and larger arteiies 

EXPEREMEXTS OX DOGS 

The infections on clogs during the earlier experiments weie made 
somewhat at random in order to ascertain the degree of tolerance of these 
animals for the drug, as well as the effects which would be produced on 
the ladnefs At times the injections were repeated at frequent, and at 
other times, at much longer intervals It was found that the best results 
were obtained either when fairlj large amounts of the drug were injected 
during as short a period of time as the animal could stand, or, when 
almost sublethal doses were given, at longer intervals The maximum 
dose which can be used with safetj' is approximate!}' 3 mg per kilogram 
of weight This amount pioduees a fairly acute attack of nephritis fiom 
which the animal usuallj' recovers, and can often be safely repeated 
several times at intervals of seieral weeks In everj' case, however, the 
initial dose should be somewhat smaller than this, and subsequent treat- 
ment should be based on the reaction which the animal shows to the first 
injection 
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Protocol 1 — ^Dog 2, 1909, a female fox teriiei about 5 months old, received 
tvvO in3ections of 5 mg and one injection of 10 mg of uranium nitiate during fifty 
days, and vas killed thirty-three rieeks after the first injection The weight at 
time of death iias 5 kilos The urine seteral times showed albumin and some 
casts 

Autopsy Xo edema, no ascites, uiine fiee from albumin or casts, kidneys 
small, slightly mottled, capsules slightly adherent cut surface opaque but not 
swollen, heait, livei lungs and aorta appaiently noimal 

jMicroscopical Examination Little increase in inteistitial connective tissue 
except around the larger blood \essels, seioial laige areas of round cell infiltra- 
tion in cortex around blood ^essels and glomeruli, some glomeiular change in 
inner zone of cortex, some paienchymatous change moie marked in tubules in 
region of round cell infiltration no casts «een 

Protocol 2 — ^Dog 3 1909, a mongrel male about 5 months old, received two 
injections of 5 mg and one of 10 mg of uianium nitiate duiing fifty days, and 
Mas killed thirty-four weeks after the fiist injection Albumin and a few hj aline 
casts iveie found once duiing the couise of the expeiiment lYeiglit at time of 
death 10 26 kilos 

Autopsy Xo edema and no ascites mine shoiied many hyaline and gianular 
casts, but no albumin kidnej s about normal size, shghtlj mottled capsule slightly 
adherent, cut surface cloudj , liier, lungs and aoita apparently noimal, heart 
large and flabbj’, Meiglit SO gm , and the heait to body latio 0 00779 

Microscopical Examination Xo diffuse piolifeiation of interstitial connective 
tissue, but many foci of cellular prolifeiation are scattered irregularly 
through the cortex, some glomerular change, especially near the areas of neivly- 
formed connective tissue In the inner /one a feu glomeiuli show almost com- 
plete fibrosis of the tufts, and some are cjstic, lelalively little parenchymatous 
change, some exudate and desquamation and a few hyaline casts 

Pioiocol 8 — Dog 4, 1909, a mongiel male about 5 months old, received one 
injection of 10 mg, and one of 20 mg of uianium nitrate vitliin seventeen days, 
and M'as killed thirty-one -weeks aftei the first injection Weight at time of death 
14 28 kilos The urine shoved albumin and casts several times during the couise 
of the experiment 

Autopsy Xo edema or ascites, mine show'ed a feiv hyaline casts but no 
albumin kidneys slighth larger than normal, mottled, capsule not adheient, sur- 
face slightly dimpled, cut suiface cloudy and edematous, pyiamids more con- 
gested than the cortex, livei and lungs congested, aoita appaiently normal, heart 
large, left ventricle appaiently hypei trophied, right ventricle dilated, -weight 118 
gm , and heait to body latio 0 00802 

Microscopical Examination Little new formation of fibrous tissue except 
around the largei blood A'cssels, scAeial large aieas of cellulai infiltration in 
cortex Avhere round cells and fib. oblasts vudely separate the kidney tubules, little 
glomerular change except in the aieas of cellular proliferation, verj’- maiked 
parenchymatous change in practically all tubules, much pyknosis and desquama- 
tion in the smaller tubules, and many dense, hyaline casts 

Protocol J , — Dog 5, 1909, a mongrel male about 5 months old, recened two- 
injections of 10 mg of Uranium nitrate during seventeen days, and ivas found 
dead fourteen iveeks after the fiist injection Weight at time of death 5 kilos 
Autopsy Xo edema, ascites or mine, kidneys small, pale -\iith minute hemor- 
rhages, capsule thick and firmly adherent, surface toin and rough, -wnth numerous 
laige and smaller depressions, no cysts seen cut surface iihite and fibrous, maik- 
ings almost obliterated, cortex very naiow, liver large and congested, heait large,, 
left Amntricle firm and appears liypei trophied, aorta apparently normal, iveight 
of heart not obtained 

Micioscopical Examination Very maiked proliferation of interstitial eon- 
nectiAe tissue in both coitex and medulla, and marked fibious thickening of the 
capsule, newly-formed connective tissue very fibious in inner zone of coitex 
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from ^^hlcll more cellulai laj's e\.tend to suiface, maiked, diffuse connective tr^sue 
proliferation in areas of cortev between the rays, piactically all glomeruli evteii- 
sively involved, much fibrosis of tufts and thickening of capsules, but no cjst 
foimation A few glomeiuli show compensatoiy hypertiophj , \eiy extensive 
tubular destiuction with much desquamation in smaller tubules, and evtieme 
atrophy of tubules in the fibiotic aieas, much moie fibrosis m medulla than 
usual, no casts seen 

Piotocol 5 — ^Dog 6, 1909, a mongrel male about 6 months old, leceived tuo 
injections of 10 mg of uranium nitrate duiing seventeen days, and vas killed 
twenty -nine weeks after the first injection Albumin but no casts were found tv ice 
dm mg life Weiglit at time of death 5 Cl kilos 

Autopsy No subcutaneous edema and no ascites , 30 c c ui me showed many 
gianulai and hyaline casts but no albumin, kidnejs small, pale, capsules fiimly 
adheient, surface torn, finely gianul.ii, with some laige scars and a few small 
cysts, cut surface veiy pale and fibious, coitex thin, medulla white and glisten- 
ing, liver large and congested, aoita appaiently normal, heart large, left ven- 
tricle thick and film, light ventricle dilated, weight GO gm , lieait to body 
ratio 0 01069 

Micioscopical E\amination Very maiked diffuse piohferation of interstitial 
connective tissue, moie maiked and more fibious in inner zone of coite\, with 
moie cellular lays extending to the suiface, much diffuse piohferation of con- 
nective tissue in cortex between the lays, and many areas of round cell infiltia- 
tion, veiy marked change m practically all glomeruli, much shiinkage and cap- 
sulai thickening, and many small cysts, some glomeruli shou compensatoiy 
hypeitiophy, piactically none of the tubules noimal, much dilatation of lumens, 
little desquamation of epithelium but much exudate, much increase in fibious 
tissue in medulla, very few casts seen 

Protocol 6 — Dog 1, 1910, a mongrel female about 9 months old, received 
foui injections of 10 mg and three injections of 20 mg of uranium nitrate duiing 
forty -five weeks, and was accidentally killed sixty-one weeks after the first injec 
tion Weight at beginning of expeiiment 7 5 kilos, weight at time of death 7 68 
kilos 

Autopsy No subcutaneous edema or ascites, no urine, kidneys small, reddish 
brown in color, capsule slightly adherent, suiface slightly gianular, cut suiface 
appaiently noimal, liver, lungs and aorta noimal, heart latliei large, in diastole, 
weight 61 5 gm , heart to body ratio 0 00800 

Micioscopical Examination Maiked proliferation of inteistitial connective 
tissue, quite cellular in outer zone, much round cell infiltration, moderate glom 
erular change, maiked parenchymatous change, much fat, especially in ascending 
limbs of Henle, little desquamation, much shrinkage in areas of fibrosis, few 
hyaline casts 

Protocol 7 — ^Dog 2, 1910, a male spaniel, about G months old, leceived thiee 
injections of 5 mg , one injection of 10 mg , and two injections of 20 mg of 
uianium nitrate during fifty-three weeks, and was killed seventy one weeks after 
the first injection Weight at beginning of experiment 5 25 kilos, v eight at time 
of death 16 3 kilos 

Autopsy No subcutaneous edema, no ascites, no urine, kidnevs about normal 
size, daric red, capsule slightly adherent, suiface smooth, cut suiface opaque and 
slightly edematous, liver, lungs, adrenals and aorta apparently normal, heait 
large right side dilated, weight 145 gm , heait to body latio 0 00888 

Micioscopical Examination Maiked diffuse prolifei ation of interstitial con 
nective tissue which is quite cellular, and m iny large areas of round cell in 
tration, marked change in many of the glomeruli, with lobulation and shrinkage 
of tufts and thickening of capsules, in some glomerular spaces there are masses 
of epithelium which are evidently pushed in fiom the tubules, a few g omeru i 
show compensatoiy hypertrophy, very marked parenchymatous c lange in a 
tubules, maiked desquamation m smaller tubules, a feu casts 
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Protocol 8 — ^Dog 3, 1910, a mongrel male, aloout 9 months old, received two 
injections of 10 mg, two of 30 mg, and tliiee of 50 mg of uranium nitrate 
during fifty-thiee weeks, and was killed sixty weeks after the fiist injection, 
w^eight at beginning of expeiiinent 14 2 kilos, w^eight at time of death 21 6 kilos, 
mine examinations during life showed traces of albumin and a feiv hyaline casts 

Autopsy ISTo subcutaneous edema, no ascites, no mine, kidneys noimal in size, 
biownish in coloi, capsule slightly adheient, suiface fairly smooth, cut suiface 
cloudy, cortex slightly narrower than noinial, hvei, pancieas and aorta appaiently 
noimal heait laige, left ventricle fiim and tliick, w'eight ISO gni , heart to body 
latio 0 00818 

Microscopical Examination Verj' marked diffuse proliferation of interstitial 
connective tissue wdiicli in most places does not reach the surface, many aieas 
of lound cell infiltration, marked glomeiular change, many tufts shrunken, dis- 
tinct fibiosis of some tufts, much exudate in spaces and marked thickening of 
capsules, many glomeruli are hyperti opined , lery maiiced parenchymatous change 
111 all tubules, much desquamation, much fatty degeneration in convoluted tubules 
and ascending limbs of Heiile, no casts seen 

Protocol 9 — ^Dog 5, 1910, a black and tan male about 9 months old, received 
three injections of 10 mg and one of 30 mg of uianium nitrate dining tventy- 
three weeks and died eleven days after the last injection Weight at beginning of 
experiment 8 98 kilos, and at tune of death 8 02 kilos 

Autopsy Xo subcutaneous edema and no ascites, 30 c c of mine in bladder 
showed much albumin but no easts, kidnejs film, sw'ollen, congested, capsule 
slightly adheient, surface smooth, cut suiface swollen and cloudy, liver, lungs 
and aorta apparently normal, heart laige, light ventricle dilated, left i^entiicle 
apparently enlarged, weight 73 gm 

Micioscopical Examination [Moderate increase in interstitial connec- 
tne tissue, many aieas of round cell infiltiation very little glomerular change, 
marked paienchjmatous change with some desquamation and many hyaline casts 

Piotocol 10 — Dog 7, 1910, a mongrel male about 8 months old, received three 
injections of 10 mg . two of 30 mg and tliiee of 40 mg of uianium nitrate dining 
fifty-three W'eeks, and died thirteen days after the last injection, weight at be- 
ginning of expel iment 8 9 kilos, w'eight at time of last injection 12 9 kilos, and 
Aveight at time of death 10 5 kilos 

Autopsy Xo subcutaneous edema, no ascites, 3 cc urine showed much 
albumin and a few" granulai casts, kidneys about noimal size, veiy pale, capsule 
slightly adherent, surface distinctly gianular w"ith fine and coarsei nodules, cut 
suiface pale and very opaque, cortex thin, livei and lungs congested aoita 
apparently normal , heart large and flabby, many subendocardial hemorrhages , all 
chambers dilated 

Microscopical Examination Moderate, diffuse, cellular prolifeiation of intei- 
stitial connective tissue ivitli veiy marked penaiterial fibiosis, moderate glom- 
erular change, veiy extieme pai enchymatous change w'lth almost complete loss 
of nucleai staining, veiy marked desquamation, much exudate, and many hyaline 
easts 

Piotocol 11 — ^Dog 11, 1910, a mongrel male, received two injections of 50 
mg and tliiee injections of 30 mg duiing forty wrecks, and died eight days after 
the hast injection, Aveight at beginning of expeiiment about 12 kilos, weight at 
time of death 9 9 kilos Daily loutine mine examinations after each of the first 
thiee injections sliowmd the characteristic uiinary findings of acute uranium 
poisoning, with much albumin and sugar, and many gianular casts 

Autopsy Xo subcutaneous edema or ascites , 10 c c urine showed much 
albumin and sugar, and many gianulai and cellular casts, kidneys lather small, 
pale, capsule slightly adherent, suiface slightly gianulai, cut suiface cloudy, 
cortex nairoAv, liver and lungs congested, aoita apparently normal, heart dilated 
111 all chambers, iveight 76 gm 
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Micioscopical Examination Moderate diffuse piolifeiation of cellular intei- 
stitial connective tissue with little iibiosis excepting aiound the laiger vessels 
Model ate glomeiulai change, no glomeiulai cysts, veiy maiked paienchymatous 
change, much desquamation in smaller tubules much exudate and many casts 
Protocol 12 — ^Dog 12, 1910, a young teiiier female, received one injection each 
of 30, 50 and 40 mg of uranium nitiate duiing twelve weeks, and died foui weeks 
after the last injection Weight at beginning of expeiiment 10 5 kilos, maximum 
w eight 15 8 kilos, weight at time of death 12 9 kilos 

Autopsy Ko subcutaneous edema, ascites oi urine, kidneys large, dark led, 
capsule slightly adheient, suiface slightly graiiulai. cut surface moist and cloudy, 
110 cysts seen, liver and lungs congested, aoita apparently normal, heart dilated, 
numerous subendocardial ecchymoses in left ventricle, weight 85 gm 

Micioscopical Examination Model ate, diffuse and very cellulai proliferation 
of interstitial connective tissue, with manj laige aieas of round cell infilti ation , 
relatively little glomerulai change, few glomeiulai cysts, marked parenchj matous 
change, much flattening of tubulai epithelium, some desquamation and much 
exudate, few easts seen 

Protocol 13 — Dog 15, 1910, a fox teiner female about 8 months old, received 
one injection each of 15 mg and 20 mg of uranium nitrate with an interval of 
nine weeks, and died eleven days after the last injection Weight at beginning of 
experiment 5 3 kilos, weight at time of last injection 5 2 kilos, weight at time 
of death 3 6 kilos 

Autopsy No subcutaneous edema and no ascites, 15 cc mine showed much 
albumin, moderate glycosuiia, very many granulai, and many wmxy casts, kidneys 
swollen, congested, capsule not adheient, suiface smooth, cut surface bulges, cor- 
tex wide and opaque, Inei and lungs congested, aorta apparently normal, lieait 
small, right ventricle dilated 

Microscopical Examination Slight diffuse cellulai proliferation of interstitial 
connective tissue, many areas of round cell infiltiation, little glomerular change, 
some paienchymatous degeneration with little desquamation, no casts seen 

Protocol I'l — Dog 17, 1910 a fox terner female about 8 months old, leceived 
two injections of 20 nig of uranium nitrate with an mteival of nine weeks, and 
died 11 days after the last injection Weight at beginning of experiment 7 7 kilos, 
weight at time of death 5 kilos 

Autopsy No subcutaneous edema and no ascites, 5 cc mine showed much 
albumin, some sugar, v^ery many gianulai, and a few cellular casts, kidneys large, 
swmllen congested, capsule not adheient, surface smooth, cut surface bulges and 
is opaque, liver and lungs congested, aorta apparently normal, heart large, right 
side dilated, weight 50 gm 

Microscopical Examination Slight, diffuse, cellular proliferation of inter- 
stitial connective tissue with rajs extending almost to periphery in places, 
glomeruli show some exudate but little chronic change, v^ery marked paiencliy- 
matous change, almost complete necrosis of epithelium, much desquamation and 
many casts 

Protocol 15 — ^Dog 19, 1910, a fox teiner female about 6 months old, received 
SIX injections of 10 mg of uranium nitrate during elev^en weeks, the first five being 
giv^en during the first five v^eeks, and died five weeks after the last injection 
Weight at beginning of experiment 3 7 kilos, weight at time of last injection 4 7 
kilos, weight at time of death 2 5 kilos 

Autopsy No subcutaneous edema and no ascites, 10 cc urine showed much 
albumin and sugar and vei’j many granular and hyaline casts, kidneys small, 
pale, firm, capsule adherent, surface roughened, cut surface pale and opaque, 
liver, lungs and aorta apparently normal, heart small, not dilated, weight 26 gm 
Microscopical Examination Slight cellular proliferation of interstitial con- 
nective tissue in inner zone of cortex with rays extending outwards to the surface, 
very little glomerular change, very marked parenchv matous change wath almost 
complete necrosis of epithelium in manv tubules, few casts 
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Protocol 16— Do^ 22, 1910, a fox: teniei female about 6 mouths old received 
SIX mjeclioijs of 5 mg of uiauium uitiate dining eleven weeks, and died twenty- 
five weeks after the first injection, ueiglit at beginning of expeiiment 4 4 kilos, 
Aveight at time of last injection 5 G kilos, weight at time of death 4 3 kilos 

Autopsy Ko subcutaneous edema and no ascites, 15 c c uiine showed much 
albumin, some sngai and veiy many hyaline and paitly gianular casts, kidneys 
small, pale, capsule slightly adheient, siiiface smooth, cut surface cloudy and 
bulging, medulla daikei than coitex, liver and lungs congested, aoita appaiently 
noimal, heart small, not dilated, weight 38 gm 

Microscopical Examination Veiy maikcd, fairly diffuse cellular pi olif ei ation 
of inteistitial connective tissue w'hich in most places does not reach to the suiface, 
moderate glomeiulai change, some exudate and some cysts, veiy maiked paren- 
chymatous change, maiked fatty degenei ation especially in Henle’s loops, little 
desquamation and no casts 

Protocol 17 — Dog 21, 1010, a mongrel female about G months old, leeened 
seven injections of 5 mg of uranium nitiate duiing thirty-one wrecks, the fiist five 
being gnen chunig the fust five w’ecks, '’iid died nine days after the last injection 
^Yelght at beginning of expeiiment 5G kdos, iveight at time of last injection 6 9 
kilos w'eight at time of death 5 2 kilos 

Autopsy SCo subcutaneous edema, ascites or mine, kidneys small, pale, capsule 
slightly adherent, cut suiface cloiidj and appaiently moie fibious than noimal, 
liver and lungs congested, aoita appaiently noimal, heait not dilated, weight 
55 gm 

Micioscopical Examination Modeiate, diffuse, cellulai pi oliferation of intei- 
stitial eornoctiie tissue which does not quite leach the suiface in most places, 
capsule model ately thickened, relativelv little glomeiulai change, some exudate 
but no cysts, maiked paienchyraatoiis change, little desquamation, much exudate, 
and many dense, hyaline casts 

Protocol IS — ^Dog 2G, 1910, a young pointer, leceived two injections of 50 
mg of uianiiim nitrate with an inleival of six and one-half weeks, and died seven- 
teen weeks aftei the fiist injection, weight at beginning of expeiiment 20 5 kilos, 
weight at time of second injection 20 3 kilos, weight at time of death 12 kilos 
Autopsy iN'o subcutaneous edema oi ascites Five c c iii me showed a trace 
of albumin but no casts, kidneys noimal size, pale, capsule slightly adherent, 
surface smooth cut suiface cloudy, coitex appeals lather reduced, livei, lungs 
and aoita noimal, heait laige, many subendocaidial ecchyinoses, no dilatation, 
weight 113 gm 

Microscopical Examination Veiy maiked cellular proliferation of inteistitial 
conrectivc tissue wdiicli is veiy diffusely distiibiited, kidney capsule markedlj' 
thickened, moderate glomeiulai change, much exudate and some small cysts, 
marked parenchyinatous change, many tubules almost completely necrotic, mod- 
eiate desquamation, much exudate and many dense hyaline casts In places there 
is cj'stic dilatation of some of the tubules 

Protocol 10 — Dog 27, 1910, a young mongrel male, received twm injections of 
40 mg of uranium nitrate with an inteival of six and one half weeks, and died 
twenty-four w'eeks after the fust injection, wmight at beginning of expeiiment 
13 8 kilos, weight at time of second injection IG 7 kilos, weight at time of death 
12 kilos 

Autopsy No subcutaneous edema and no ascites, 15 c c urine showed much 
albumin and sugar and many gianular casts, kidnejs swmllen and pale, capsule 
thick and firmly adherent, surface tom and finely granular ivith some coaisei 
nodules, cut surface opaque, cortex thin ivith evident strands of connective tissue 
extending out^vaids to the surface, hvci cloudy, lungs congested, aoita apparently 
noimal, heart large, light ventiicle dilated 

Micioscopical Examination Veiy extieme proliferation of inteistitial con- 
nective tissue which invoh’es practically the whole of the coitex, and is everjwdiere 
very cellular, veiv marked glomeiulai change practically all glomeruli affected. 
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much exudate, prolifeiation and desquamation of capsulai epithelium, and marked 
lobulation and shiinkage of tufts, a few glomeiuli aie hypertrophied, veiy 
extreme parenchymatous change in practically all tubules, with much dilatation of 
lumens, exudate, necrosis and desquamation , many tubules in areas of connective 
tissue proliferation are collapsed and atrophied, a few dense hyaline casts 

In discussing the conclusions which seem ;)ustifiable from the fore- 
going experiments, it will he more convenient to make a division under 
three headings (1) edema foimation, (2) renal changes, (3) cardio- 
vasculai changes 

EDEMA FORMATION 

The use of uranium nitrate as an irritant with which to pioduce 
kidney lesions in animals was suggested by the reports of Eichter,® in 
which he described the production of edema in rabbits by the adminis- 
trabon of uranium salts In m}'^ first series ot experiments on guinea- 
pigs^ vari'ing amounts of ascites and h 5 drothorax Tveie found in some 
cases, but in no instance was there any subcutaneous edema or general 
anasarca Pearce® referred to this fact during a discussion of the expeii- 
ments, and he suggested that more complete analogy to human nephritis 
might have been obtained if rabbits had been used for injection instead of 
gumea-pigs, since it had been shown that edema was so readily produced 
in rabbits during acute uranium mtoxication, but the more recent experi- 
ments have shown that this is not the case 

In the series of sixteen experiments on rabbits which are here reported, 
but one animal showed anj marked amount of fluid in the serous cavities, 
and only three others showed small amounts of ascites In none of the 
cases was there anj^ subcutaneous edema It is true that three died of 
acute fibrmo-purulent pleurisy, and that one showed a slight adhesive 
peritonitis, but these conditions were due to intercurrent infections and 
probably were in no way associated with any previous serous transudation 

The guinea-pig experiments showed vastly different results ° ^Tn the 
complete senes of seventeen animals which survived for longer than thiee 
months seven which died before the eighth month showed no edema, and 
of the ten which lived foi longer than eight months, nine showed definite, 
and m some cases marked edema In four of the nine eases there vas 
marked subcutaneous edema, which in three cases was associated vith 
efiusion mto the serous cavities ” All of the cases of subcutaneous edema 
occurred in animals to which relativelj’’ large doses of the drug had been 
administered, and, with one exception, in everj’^ case in which edema was 
present, the animal died within eleven days after the last injection 

8 Richter Die expeiimentelle Erzeugung von Hydrops bei Nephritis Beiti 
z klm Med Festschr Herrn Prof Senator, Beilin, 1904, 283, and Expeiimentelle 
uber der Nierenwassersucht, Berl klin Wchnschr , 1905, xlii, 384 

9 Dickson, E C Edema Formation in Guinea-pigs in Chionic Experimental 
Uianium Nephritis Proc Soc Exper Biol and Med , 1910, viii, 46 
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The Significance of these observations on guinea-pigs is at least two- 
fold In the first place, it is definitely pioved that edema formation in 
animals resulting from the administration of uranium nitrate is not 
confined to rabbits and in the second place, a study of the conditions 
undei wdiich the edema wms pioduced wull show that theie has been estab- 
lished a much closer analogy to the edema formation of Bright’s disease 
in man 

In the pioduction of experimental uranium edema in rabbits by 
Eichtei,® Geoigopulos,^® Heinecke and Meyerstein^^ and otheis, the 
administration of uianium nitrate was always follow’-ed by forced w^ater 
inge=tion to pioduce an artificial hjdremic plethora In the experimental 
production of edema hj’’ combining the action of renal and vascular 
irritants, Peaice^" also forced water ingestion, and he established as the 
three requisites for the production of renal edema, kidney damage, vascu- 
lar damage and Ir^dremic plethora In my senes of cases no attempt was 
made to induce edema b}'’ forcing water Throughout the experiment the 
animals were kept in a large cage from wdiich they were removed from 
tune to time for weighing and foi further injections They were fed on 
a mixed diet in which was plenty of greens, and they obtained the whole 
of their water-supply from the green stuff which they consumed A 
hydremic plethora due to increased water ingestion is obviously impossible 
under such conditions, and one can only assume that the increase m the 
fluids m the bodj' must have been due to the suppression of urine which 
occurred during the terminal attack of acute nephritis 

The conclusion of all observers who have emplojed uianium salts 
for the experimental production of edema is that there must be some 
specific action of uranium in addition to its effect on the renal epithelium, 
which IS at least partly responsible for the edema formation The obser- 
vations of Hemecke and Mej^erstein,^^ who found that edema was pro- 
duced in rabbits wliicli were poisoned with chromates onl}'’ after the serum 
of rabbits suffering from acute uranium poisoning had been injected intra- 
venously, were verj'' suggestive, even though the results were not con- 
stantly produced, and there seemed to be sufficient ground for their 
conclusion that there must be some vascular damage, in addition to the 
renal damage, wdiich. was responsible for the edema formation The 
oncometer expeiiments of Schlayei and Hedinger^^ and Takayasu^^ gave 

10 Geoigopulos Expenmentelle Beitrage zur Frage des Nierenw assersucht 
Ztsclir f km Med, 1906, K, 411 

11 Heinecke and Myerstein Expeiimentelle XJntersucliungen uber die Hydrops 
bei Nieienkrankheiten Deutscli Arcli f km Med, 1907, xc, 101 

12 Pearce The Production of Edema, an Experimental Study of the Pela- 
tive Etiologic Importance of Kenal Injuiy, Vascular Injury and Plethoric 
Hydremia The Archives Ikt Med , 1909, in, 422 

13 Schlayer and Hedingei Expenmentelle Studien uher toxische Nephritis 
Heutsch Arch f klin Med , 1907, xc, 1 

14 Schlayer, Hedingei and Takayasu Uehei nephritisches Oedem Deutscli 
Arch f klin Med, 1907, xci, 59 
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the first exiDerimental iDroof that such must indeed be the case, and their 
ohseivations have been confirmed by Pearce and his assistants Peaice^== 
has fuither established the importance of vascular in;)ui '5 m renal edema 
in the series of expeiiments to winch I have already referred^ namely, 
those in vhich he employed combinations of vaiious vasculai irritants 
with bichromate poisoning and forced water ingestion 

In view of these unifoim conclusions as to the importance of damage 
to the blood-vessels in the production of renal edema, but one explanation 
can be given for its occurience in the cases here desciibed The fact that 
the death of the animals and the onset of the edema occurred dm mg the 
acute intoxication which followed the last infection of uranium, indicates 
definitely that the edema was a true lenal edema, and not edema due to 
failing compensation of an overvoiked heart, and the appearance of the 
hearts at autopsy confiimed this view Theie must therefoie have been 
some condition present after the several months of tieatment, which 
rendered the animals unable to cope with the h'^diemia of an acute attack 
of nephritis which was presumably no more severe than that of an'y one 
of the several previous attacks It is difficult to see how this condition 
could be other than some damage to the smaller blood-vessels, especiallv 
in those cases in which the subcutaneous edema was so well developed 
I believe ve are ;)ustified in concluding that the repeated injections of 
uranium had so acted on the (blood) vascular sjstem that it was no longei 
able to withstand the inciease in the volume of blood which lesults fioin 
the partial or complete suppression of mine of acute uranium poisoning 

Wliethei 01 not this be the correct explanation, theie can be no doubt 
that the formation of edema, occurring as it did in these animals dmmg 
an attack of nephritis, and vithout any artificially pioduced hydremic 
plethora, establishes another step in the advance toward a complete 
analogy to Bright’s disease in man 

EElCAI/ CHAX'GES 

The histological appearance of chronic uranium nephiitis has already 
been desciibed in the beginning of this report, and the characteiistic type 
of the lesions, as well as the constancy with which thev occur, has been 
mentioned In order to determine whether similar lesions of spontaneous 
origin occur in normal animals a senes of routine histological exami- 
nations was made of the kidne;ys of fiftj rabbits and 100 guinea-pigs 
which had been sacrificed for various purposes in the laboratory The 
results of these observations have lecently been reported by Ophuls,^® from 
whom I shall quote the following 

15 Pearce, Hill and Eisenbrev Experimputal Acute Hepluitis, the Vascular 
Relations and the Elimination of Kitiogen Joui Expei Med, 1910, 'vii, Ko 2, 
19G 

16 Ophuls W Occurrence of Spontaneous Lesions in Kidneys and Lireis 
of Eahhits and Guinea-Pigs Proc Soc Expei Biol and Med, 1911, mu, i5 
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In view of the impoitance of the occunence of spontaneous lesions in the kid- 
neys and in the liveis of labbits and of guinea-pigs in lefeience to the evpeiimen- 
tal nork on these oigans, Di E C Dickson and nijself have made a eaieful 
study of these organs and incidentallv of the heait and of the aoita in fifty lab- 
bits and in one hundred guinea-pigs The animals used weie paitly fiesh animals 
fiom the market, partly animals laised at the laboiatoiy 

Twenty eight labbits, among them some of the old ones, had entiiely noimal 
kidneys, nine showed slight paienchvmatous lesions, thiee a few =:mall aieas of 
cellular infiltiation In ten we found scatteied small aieas in which weie maiked 
inteistitial lesions with the foimation of small depiessions on the suiface Four 
of these pioved to be ladiallj' aiianged chionic septic foci which extended from 
the iicinity of the papilla to the outer suiface In the othei six cases the same 
aiiangement of the neuly-foiraed conneeti\c tissue in naiiouei ladial bands 
vhich stait deep in the pyiamids uas noticeable although no evidence of a septic 
infection could be discovered I he inteistitial lesions weie accompanied by 
maiked epithelial lesions in tno cases only, pioducing to a ceitain extent the pic- 
ture of a chronic paienchj matous nephiitis, although the lesions weie never very 
extensile Lesions of the blood-vessels oi primaiy lesions of the glomeruli weie 
not found in any case ^ 

Of the one hundied guinea-pigs the laige majoiity had been injected with 
sediment from urine or othei mateiial suspected of containing tubeicle bacilli 
only a few actually developed tuberculosis Theie neie se\eial especially selected 
old animals Sixty-three of the one hundied had absolutely noiraal kidneys, 
tno shou'ed slight parenchvmatous lesions and in thirty-five theie were scattered 
small areas of cellular infiltiation in the coitex which weie sometimes rather 
numerous, at other times thev veie found with difficulty onlj on careful examina- 
tion of several sections lliov consist laigelv of hniphocytic cells and a few 
larger cells with vesicular nuclei They do not seem to have much tendency to 
develop into fibrous tissue although occasionalh such a change was observed but 
always to a limited degree only ^ ^ In few cases fibrous thickening of 

the capsules of glomeiuli and cystic dilatation of the same weie observed as 
spontaneous lesions similar to ceitain tvpes of glomeiular cysts desciibed by Dick- 
son in his paper on the “Expeiimontal Pioduction of Chiomc Nephiitis in Animals 
By the Use of Uranium Nitiate” These weie however, lare exceptions, wheieas 
in uiamum poisoning such glomeiulai lesions seem to be neaily constant Laige 
seals or lesions of the blood-vessels weie not found in any case 

It Will be seen from this extract that, although theie was a fairly high 
peicentage of cases which showed spontaneous kidney lesions, the tj'^pe of 
the lesions which weie found was entirely different from that of chionic 
uranium nephritis Indeed, in some of the rabbits of my senes theie ivas 
quite evidently a combination of the two conditions, for in kidneys which 
were distinctly of the uianium tj^pe a few scatteied foci could be recog- 
nized as more closely resembling the spontaneous tyj)e of lesions And, 
moieovei, although the spontaneous lesions which were found in the 
kidneys of rabbits weie entirelj diffeient from those which were found in 
guinea-pigs, the lesions which weie produced by uranium in both rabbits 
and guinea-pigs, and indeed also in dogs, were so similai as to be almost 
identical in many cases ' 

In the dog experiments, too, care was taken to exclude as much as 
possible the occurrence of spontaneous chronic kidney lesions Young, 
bealtliy animals were always selected for experimentation, and of the 
nineteen cases here repoited fifteen w’-ere known to be less than 9 months 
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of age at the time of the first injection In the 1909 senes, Protocols 
1 to 5/- especial precautions were taken to piecliide the possibility of 
the development of spontaneous lesions Puppies were weaned in the 
laboratorj^ and were placed on a diet consisting of mush, biead and milk, 
with an occasional feeding of dried, chopped meat fiom which the 
extractives had been removed in the soup-pot The animals thrived on 
this diet and received no other food during the whole course of the experi- 
ment When they were 5 months old the series of fiijections of uianium 
nitrate were commenced, and, with the exception of one animal which 
was killed in a fight fourteen weeks after injection, they were allowed in 
live foi from twenty-seven to thiity-four weeks aftei the first injection 
The oldest of these puppies was 11% months old when killed, so that in 
every case the experiment was terminated within the first yeai of life of 
the animal The carefully regulated diet was such that the kidneys were 
protected as much as possible from the influence of any iintating sub- 
stance excepting the uranium nitrate, and, when we consider in addition 
to this that in every case the animal was less than 1 year old at the end of 
the experiment, there seems little doubt that the lesions which were found 
must have been due to the administration of the uranium nitrate Puither 
experiments have confirmed this conclusion, for in the whole series of 
dogs which were observed during the following eighteen months not one 
animal failed to show kidney lesions of a chronic nature, and of the 
uranium type, excepting those winch died during the initial acute intoxi- 
cation The experiments show definitely that dogs are well adapted foi 
the production of chronic kidney lesions, and that these lesions may be 
produced in practically all cases by the administration of uranium nitrate 

Although the occurrence of the chronic lesions in the kidneys has been 
so constant, the method by which these lesions are produced has not been 
revealed A very’^ striking feature of chionic uranium nephritis is that, 
even in the advanced cases in which the kidneys are hard and gramdar, 
and m which the greater part of the parenchy^ma is replaced by dense 
flu oils tissue, there is no demonstrable lesion in the vessels of the kidneys 
01 of the peripheral vascular system It is true that in many cases, espe- 
cially in dogs, there is a peenliai peri-aiterial development of fibrosis, 
and that in rabbits many of the glomerular tufts show almost complete 
fibrosis, but in the capillaiies of these tufts the only’- evidence of lesion 
IS a slight thickening of the walls, and the deposit of some hyaline sub- 
stance around them, and in the larger arteiies no lesions whatever can be 
demonstrated either in the intima or in the media This fact is especiallv 
interesting in view of the recent experiments of Harvey^® who, by the 

17 The 1909 senes of expeiiments on dogs iias reported before the Cahfoinia 
Academy of Medicine in December, 1909 Cal State Jour Med, 1910, viii, J'O 
4, 140 

18 Haney Auto intoxication and Expenmental ISTephiitis in Eabbits Jour 
Path and Bact , 1911, xvi, Ho 1, 95 
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admimstiation of para-liydroxj^-plienyl-etliylamine, was able to produce 
chronic lesions in the kidneys of rabbits secondarily to the development 
of atlieioma of the aoita and aiteiiosclerosis of the renal aiteiy and its 
branches The kidneys which Harvev describes aie undoubtedly of the 
arterioscleiotic tjqie, and his expeiiments would seem to piove that the 
etiologi of that t}pe of nephiitis is entirely difEerent from that of such 
types of atrophied and gianulai kidnejs as are repiesented by uianium 
chronic nephiitis 

Another point of inteiest in these cases is one to which I lefeiied in 
my pievious report In the kidney lesions of acute uranium poisoning 
the tubular epithelium is the part which shows the most maiked anatom- 
ical change With the exception of the formation of the hyaline bodies 
winch Chiistian^ has described in the glomerular tufts during acute 
uranium nephiitis, no characteristic lesions have been found in the 
glomeiuli, 3et in the kidne3^s of chronic uranium nephritis the glomeiulai 
le=ions are vaiied and severe The mmst common, as well as the most 
extensive changes, are seen in the glomerulai capsule, with its cystic 
dilatation, proliferated epithelium and 113 aline basement membrane The 
tufts also are more or less extensively damaged In the less seveie cases 
we find fiagmentation of the nuclei and often some evidence of increase 
in connective tissue cells, and in the advanced cases there is distinct 
fibiosis and lobulation of the tufts, and, in labbits, the thickening of the 
walls of the capillaries and the deposit of some hyaline substance in a 
p9it or the whole of the tufts, to which reference has already been made 
Moreover, the compensatory h3’’pertrophy of the more normal appearing 
glomeruli indicates diminution in function of the damaged glomeruli 

Still another interesting feature in chronic uranium nephritis is the 
characteristic distribution of the newly foimed connective tissue In 
every case it is more marked and much more fibrous in the inner zone 
of the cortex, and in the early cases it is in this region, especially around 
the larger blood-vessels, that the proliferation of connective tissue is first 
seen Reference has already been made to the peculiar peri-arteiial fibio- 
sis which occurs around the larger arteries From this deeper, more fibrous 
zone, the connective tissue extends outward toward the surface of the 
kidiiev, usually following the lines of the medullary rays In those cases 
in which the surface of the kidney is granular, the processes extend to the 
surface and correspond to the small depressions on it, but in manv case? 
where the surface is still quite smooth histological examination shows in 
the deeper parts much newly formed connective tissue from which mam 
radiatmg processes extend into the outer zone of the cortex but do not 
reach the surface In some kidne3^s there is also a difipuse connective 
tissue proliferation which more or less completely destroys the kidnev 
cortex between the rays , but this seems to be a later stage in the process 
and IS found only in the most severe cases Occasionally there is also a 
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moie 01 less marked extension of the connective tissue proliferation into 
the medulla, but this is not at all constant 

A 1 ery striking feature of the connective tissue proliferation is that 
all the different stages aie lepiesented in the kidneys of animals which 
have not received am injections foi seveial months The condition is 
not that of a quiescent scar formation, for, although in the deeper por- 
tions the newlj'^ formed connective tissue is densel’^ fibrous and contains 
but few nuclei, m the peripheral portions it is usually very cellular, with 
many spindle shaped cells with large, clear vesicular nuclei, and with 
many round plasma cells, clearl}’' indicating that the connective tissue 
proliferation is still progressive Only in those cases in which the kidney 
is markedly shrunken and granular does the peripheral portion of the 
connective tissue have a dense fibrous stiuetuie, and even in these there 
are risuallv scattered areas of cellulai infiltration in which the cells consist 
partly of fibroblasts and partly of plasma cells 

The explanation of these phenomena is not clear At first sight it 
might seem tliat the extreme degeneration and necrosis of the tubular 
epithelium in acute uranium poisoning must be responsible for the 
secondary proliferation of the connective tissue and for the marked 
glomerular changes If we accept the teaching of Senator, namely 
that destruction of any part of a tubule system will lead to secondary 
destruction of the lemamdei of that tubule sjstem, we could explain the 
destruction of the glomeiuli, and, perhaps also, the cjstic dilatation of 
the glomerular capsules But it is difficult to understand how simple 
destruction of the tubular epithelium could account for the peculiarly 
constant development of connective tissue in the inner zone of the cortex, 
or for the evident progression of the connective tissue proliferation which 
IS found months after the insult which produced the primary necrosis. 
Agam, if it IS simph the epithelial necrosis which is lesponsible, one 
would expect to find equall} seiere secondary fibro^^is in kidnej^s which 
have been poisoned vith potassium bichromate, for in acute bichromate 
nephritis the lesions are practically indistinguishable from those which are 
pioduced b} uranium nitrate The expeiiments of Ophuls seem to show 
that thib is not the case He subjected forty guinea-pigs and fifty rabbits 
to repeated injections of potassium bichromate during peiiods varjing 
from a few veeks to almost two 3 ears’ duration In Ins recent report^® 
on the effects produced in guinea-pigs he sa} s 

The conehision seems justified that it is impossible to pioduce seveie lasting 
lesions in guinea-pigs with chiomates, probably because in these animals the 
chromates aie too tovic in a general vay, and too slightly effective on the kidneys 
locally 

19 Ophuls, W Experimental Nephritis in Guinea-Pigs by Subcutaneous 
Injections of Chromates, Proc Soc Exper Biol and 3Ied , 1911, ix, 13 
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And m deseiibing Ins expeiiinents on rabbits he says 

Rabbits aie lelatively moie susceptible to the action of chiomates than guinea- 
pigs ^ The extieme lesions which may develop after a while as a lesult 

of ciowding of laige doses Aveic desciibed by mo in 1908 {Joui Med Reseaich, 
1908, xviii, 49), but they do not necessaiily follow even lepeated administiation 
of large doses Fifty animals uere expeiimented upon Ihe dosage 

Aaiied between two centigiains and tvo milligiains Some of the animals Aveie 
hept alive foi a yeai oi moie So fai as epithelial lesions aie concerned the 
expel lences aie similar to those iii guinea pigs, except that the epithelial lesions 
became moie seveie and seemed to continue longei aftei the last injection Veiy 
marked inteistitial lesions weie obseived at times, but they lesemble those 
observed spontaneously so closely, and occiiiied so iiiegularly, sometimes soon, 
sometimes late aftei the administration of \aiious doses and sometimes not at 
all, that any definite conclusion of then i elation to the injections could not be 
ai rived at 

It IS tine that the findings of Smith- differ considerably irom those 
described by Ophuls From a series of thirt3'-nine rabbits and seven 
guinea-pigs which sur'S’ived foi longei than three months after the initial 
infection of either potassium bichromate oi uranium nitrate (the exact 
number of each is not stated), he concludes that ^ffhe chronic lesions 
caused by uianium nitiate and potassium bichromate weie the same.” and 
that “bichiomate of potassium pioduces more fibrous tissue foimation 
with macroscopic depiessions on the suiface of the kidney than uianium 
nitrate ” 

If these obseivations of Smith aie based on a sufficiently laige numbei 
of cases of biclii ornate nephritis, his lesults are of great mteiest in view 
of the laige numbei of negative lesults described by Ophuls, and they 
Mould gieatly v^eaken the argument that m uranium nephritis it is not 
alone the epithelial necrosis which is responsible for the secondary devel- 
opment of fibrous tissue Hou^ever, judging from the large numbei of 
experiments which have been conducted in our laboratory, there seems 
little doubt that in uianium nitiate nephritis theie is some factor ivliich 
is lacking in potassium biclii ornate nephiitis, and which is responsible 
for the almost constant production of chronic kidney lesions in the 
foinicr Just wdiat this factor may be is still in doubt I am convinced 
that there is something more than mere coincidence in the fact that 
there is the occuiience of edema in acute uranium intoxication, and the 
development of chronic kidney lesions after piolonged uranium adminis- 
tiation If it be true that the formation of edema depends on a combina- 
tion of lesions in the kidneys and in the peripheral blood-vessels, I believe 
theie IS no doubt that the development of the chronic kidney lesions is 
dependent on a similar combination of lesions Indeed, I believe that no 
other condition than some damage to the vascular system can explain 

20 Opliuls, W Expenmental ISTeplnitis in Rabbits bv Subcutaneous Injec- 
tions of Cliioinates Pioc Soc Exper Biol and iled , 1911, ix, 13 
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the peculiarly chaiactenstic distribution and the progiessive t5pe of intei- 
stitial connective tissue prolifeiation which we find in chionic uranium 
nephiitis 

THE CARDIOVASCULAK CHANGES 

The question of the interielationship which exists between hypei- 
tiophy of the left ventricle of the heait and chronic interstitial nephritis 
is one which has leceived much attention Various observeis have 
appi cached the problem by simulating the local kidney conditions of 
chionic interstitial nephiitis by the actual reduction of kidney substance 
by surgical methods Bradfoid,-^ Passler and Heinecke/- Janewa}',”^ 
Sampson and Pearce"'* and others have found that, following such reduc- 
tion of kidney substance, there develops in certain cases a use in blood- 
pi essure and hypertrophy of the left ventricle of the heart Eautenberg-® 
also by mechanically damaging one kidney and subsequently removing the 
other kidney has succeeded in raising blood-pressuie in rabbits to such 
an extent that aneuiysms of the aoita aie formed But the number of 
observations of development of hypei trophy of the heart in cases of 
experimental chrome nephritis is very small Charcot and Gombault"® 
and Levaditi^’ report hypertrophy of the left ventricle of the heart in 
cases of experimental chionic nephiitis produced by lead salts and vmyl- 
amin, respectively Siegel-® reports hypei tiophy of the left ventiicle of 
the heart in three dogs vliich had been subyected to uianium injections 
for from, three to six weeks, and Smith® reports four cases of apparent 
heart hypertrophy in his series of uranium nitrate rabbits However, 
the limited number of instances in which experimental chrome nephiitis 
has been produced has of necessity limited the number of observations 
which could be made 

In a senes of experiments such as those reported in this paper the 
difficulty of determining the presence of a true heart hypertrophy is very 

21 Biadfoid The Eesults following Partial Nephrectomy, and the Influence 
of the Kidney on Metabolism Jour Physiol , 1899, win, 415 

22 Passler and Heinecke Versuche zui Pathologie des Morbus Biightii 

Verhandl d deutsch pathol Gesellsch , 1905, ix, 99 

23 Janeuay Note on Blood-Pressure Changes Following Reduction of the 
Renal Aiterial Circulation Proc Soc Exper Biol and Med, 1909, vi, 109 

24 Sampson and Pearce A Study of Experimental Reduction of Kidney 
Tissue with Special Refeience to the Changes in That Remaining Joui Exper 
Med , 1908, x, 745 

25 Rautenberg Erzeugung clironischer Neirenkrankungen mit folgendei 
Blutiucksteigerung und Aiteriosklerose Deutsch med Wchnschr , 1910, xxxvi, 
551 

20 Charcot and Gombault Note relative J I’Etude anatomique de la nephiitS 
saturnine expei imentale Arch de physiol , ISSl, Series 2, 'vin, 126 

27 Leiaditi Expenmentelle Unteisuchungen uber die Necrose dei Nieren- 
papilloe Aich inteinat de pharmacodyn , 1901 viii, 5 

28 Siegel Uber expenmentelle Nephritis Veihandl d Congiesses Inn 
Med , 1907° xxiv, 217 
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gieat In noimal animals quite definite latios of lieait to bodj^ weight 
have been established, and in animals which have been subjected to experi- 
mentation but in which the weight at the time of death shows no marked 
variation fiom the v eight dniing the tune in which the animal has been 
imdei observation, similar heart to bodj’- ratios can be established and 
compared with those of noimal animals But in those animals nhieli lose 
in weight dining the course of the experiment, and especially in animals 
which decrease lapidl} in weight during the terminal illness, such heart 
to body ratios aie difficult to determine One cannot tell exactly vhat 
proportional loss of weight occurs in the heart itself during the progres- 
sive loss in the whole body weight, in such cases one must rely laroelv 
on the macroscopic appearance of the hoait In uell-maiked eases of 
lieaU bvpertioph}^ tlieie is little difficulti in forming an opinion, but in 
doubtful cases, and especially in the smaller animals, one must be very 
guarded in making the decision that hypertrophy actually exists 

Conservative inspection of the hearts of the animals reported in this 
paper showed quite definitely that tlicie was liypertiopby of the heart, 
esperially of the left ventiicle, in tvo guinea-pigs, four rabbits and nine 
dogs In several other ca«es the heart gave one the impression of being 
hj'pertrophied, but the hj per trophy, if present, was too slight to justify 
a definite conclusion In the labbits and guinea-pigs no confiimaton 
heart to body ratios were established, but in the dogs such ratios weie 
determined and weie studied in comparison with those worked out in 
normal dogs by Stewart-'’ and Joseph Table A shows clearly the result 
of this comparison 

In Stewart’s series of twent}’’ normal dogs he found that there was an 
average heart to body ratio of 0 00724, a ratio approximatelv the same as 
that obtained by Joseph, namely, 0 00750 But among Steu ait's twenti 
animals there were three vhich showed a ratio of 0 00800 or over, and in 
his series of experiments he withheld a diagnosis of heart hypertiophy in 
all cases in which the ratio did not exceed the maximum latio obtained m 
his normal dogs It will be seen that some of my cases fall below the 
maximum normal ratio as estimated by Stewart, and may therefoie be 
viewed with some suspicion But when we consider that in all my cases 
the animals were confined to small quarters duiing practically the whole 
of then lifetime, and would presumably on that account show relativelv 
smaller hearts than would active street dogs, the constantly high ratio 
IS very striking And it is of interest that my three normal controls, 
which were kept under similar conditions, all showed heart to bodv ratios 
winch were well below the average as established by Stewmit It is also 

29 Stewail An Expeiimental Contnbution to the Study of Heart Hyper- 
trophy Jour Expel Med , 1911, xni, 187 

30 Joseph The Ratio between the Heait Weight and the Body Weight in 
Animals Jour Expei Med , 1908, x, 521 
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of intsrGst tli&t m all but two of tho cas6s incltKiGd. m tho accompauj- 
ing table, the weight at the time of death was as great or greater than at 
any time during the course of the expeiiment, due to the fact that these 
animals were mtentionally or accidentally killed several weeks after the 
last infection In two eases in which there was definite loss of body weight 
immediately preceding death, the ratio of the heart weight at the time of 
death to the maximum body weight during life was high, and I believe 
that one is 3 ustified in assuming that the actual heart to body ratio must 
lie somewhere above that latio, but below the ratio of the heart weight at 
time of death to the body weight at time of death Accordingly in the 
table these two ratios are entered as (a) and (b) and the actual heart to 
body ratio is assumed to lie somewheie between the two, in both cases 
at a point which is high as compared with the average noimal ratio 


Table A — ( a ) Showing the Ratios Which Exist Between the Heart Weight 
AND THE Body Weight in Dogs with Chronic Uranihiii Nephritis, 

(B) Showing Similar Ratios in Normal Dogs 


Protocol Animal 
Number Number 

Duration 
of Exp’t, 
Weeks 

Body Weight Heart Weight Ratio 
in Grams in Grams 

2 

3—1909 

34 

10,260 

80 

0 00779 

3 

4—1909 

31 

14,280 

118 

0 00802 

5 

6—1909 

29 

5,610 

60 

0 01069 

6 

1—1910 

61 

7,680 

61 5 

0 00800 

7 

2—1910 

71 

16,300 

145 

0 00888 

8 

3—1910 

60 

21,600 

180 

0 00818 

9 

6—1910 

25 

(a) 8,980 

73 

0 00822 




(h) 8,020 

73 

0 00922 

17 

24 — 1910 

32 

(a) 6,900 

55 

0 00790 




(b) 5,200 

55 

0 01041 

NORMAn CONTROL ANIMALS 


8—1909 


8,640 

60 

0 00694 


4 — 1910 


8,400 

60 

0 00714 


29—1910 


4,080 

34 

0 00705 

Stewart’s Series — 

20 dogs 



0 00721 

Joseph’s Series 




0 00750 


These weights and ratios are presented with the full realization that 
in some of them the proportional weight of the heart is somewhat below 
what may be considered the limit of normal variation However, I believe 
that when we take into consideration the age of the animals which were 
used, the conditions under which they were kept, and the fact that in 
ever}’^ case the heart showed macroscopic appearance of hypertroplij'', one 
IS justified in presenting them as evidence of proportional increase in the 
size of the heart 
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The condition of the blood-vessels has already been described in con- 
sidering the lesions which are fonnd in the kidneys. 

CONCLUSIONS 

1 By the administration of nranmm nitiate it is possible to produce 
a chionic diffuse nephritis in guinea-pigs, rabbits and dogs 

2 The histological picture of the lesions' is characteristic, and is 
analogous to, but not identical with, that found in chronic diffuse neph- 
iitis in man 

3 The chionic lesions, even in the most severe cases, are not associ- 
ated with demonstrable arterial lesions, although the mode of development 
suggests that there must be some functional vascular damage 

4 After prolonged administration in guinea-pigs a terminal attack of 
acute nephiitis is frequently accompanied by more or less marked anasarca 

5 Associated with the more severe kidney lesions there is frequently a 
more oi less marked h 3 pertrophy of the left ventricle of the heart 

Saciamento and Webster Streets 



AX EXPEEIMEJfTAL STUDY OE THE CHAE'GES lA' THE 
BLOOD EOLLOWIHG SPLEXECTOMY 

JOHX H MUSSEE Jr MD 

PHIL^DCLPIILV 

In levies iiig^ lecenth the liteiatiue of splenectoniA I -^as impiessed 
with the len consideiable laiiations in the eidologi’ of the blood follow- 
ing the lenioval of the spleen in both man and animals As this diffeience 
could not be explained hi clinical histoii in the one case noi hr expeii- 
mcntal conditions in the othei, a stud-^ of the changes in the dog's blood 
consequent on spleuectonii nas undertaken 

The liteiatuie of the siihiect is somenhat voluminous and iiiai tlieie- 
foie be levieved in two wais first fiom the point of view of physio- 
logical and expeiiinental obseiiation and second on the basis of clinical 
obsenalion At piesent the function of the spleen in lelation to the 
foiination oi destiuctiou of blood-cells is not definitely Icnown Howell- 
states that the spleen is supposed to be the place of origin of eiythioevtes 
This IS tine in fetal life and shoitl} aftei biith but we have no pioof 
that this function is pieseived at latei peiiods The piesence of a laige 
amount of non suggests that the spleen niav have a function in prepaiing 
hemoglobin This view is stiengtliened b} the fact that after splenectoniT 
theie IS an luciease in daily loss of non ® That the spleen is the giave- 
■^aid of eiythiocUes, a tlieoiy founded on histological eyidence that is. 
the pie&ence of bioken down and paitiall^ destioyed led blood-cehs, 
Howell belieyes^ has not been satisfactoiily demonstiated He belieyes 
also that the spleen has but small part in the formation of leukocytes 
Flint^ states that ‘fit may be that the spleen destro3s a eeitain nunibei 
of led coipuscles and that it also pioduces new led blood-coipuseles ’ He 
also say s that excision of the spleen causes a diminution in the numbei of 
eiythioevtes, and an inciease in the pioportion of leukocytes Ott® states 
biip'fly'^ that the spleen is supposed to manufaetuie eivtliiocy tes while 
Steuait® makes no comment on the i elation of the spleen to the blood 

Fjom the Dep.ii tment of Eeseaich Medicine of the Uinversitv of Pennsvl- 
y ania aided hy a grant fioiii the Committee on Scientific Iiiy estigation of tiie 
Aineiican Medical Association Beceived for publication Jan 16 1912 

1 Musser, J H,Jr Cysts of the Spleen, Am Jour Med Sc, 1911 cxiii SOI 

2 •Howell W H Te\t-Book of Physiology, Saiindeis Phil a , 1911 Ed 4 

3 Grossenhaeher and Asher L Zentralbl f Physiol , 1908 xii 121 

4 Flint, Austin Jr Text-Book of Human Plivsiologv Appleton Xeiv lork 
ISSS Ed 4 

5 Ott Isaac Text-Book of Plivsiologv, Day is Phila , 1907 Ed 2 

6 Steyvait Manual of Physiology Wood Co Xeyy York, 1910 Ed 6 
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Is either of these last authors has an} thing to ^ay concerning the effect of 
extirpation ot the spleen Fredericq and Xull* dismiss the subject of 
excision of the spleen by merely sasing that it causes an increase in 
Ijmphoid tissue 

Extirpation of the spleen in experimental animals has given videlv 
varying results Appaiently the first effort to study the blood of splenec- 
tomized dogs was that of Picard and Malassez® m 1878 The investigators 
concluded that splenectom} diminishes the amount of hemoglobin but not 
the number of led blood-cells Since then furthei studies of the blood 
changes have given vaiious results Thus, Yulpius® found a marked 
mcrease in the numbei of leukocAtes averaging between 21,000 and 
26,000 for the fiist foih days — no count being made of the first da} — 
and then gradual!} falling and reaching normal about the sixty-fifth day 
The erythrocytes on the other hand, fell at first to about 4,000 000 but 
letuined to normal about the fiftieth claA A deciease in hemoglobin was 
found also, but to what extent and how long is not stated 

Gibcon^® found in two dogs a decrease in the er}throc}tes lasting until 
the 107th day the peiiod of gieatest diminution coi responding to the 
sixtieth and sixt} -fourth da}S, respectively In a third dog but little 
change was observed, the lovest count being on the ninetieth dai In 
one dog he found a leukocytosis lasting for three weeks 

Laudenbach’s^’- experiments showed a deciease in eiytj’^ocytes and 
hemoglobin and an increase in leukocjtes In two dogs the maximum 
decrease in hemoglobin and red cells occuried on the seventy-seventh dai 
and in the third dog on the 103d da} The decrease of hemoglobin was 
in the first two dogs 20 per cent and 55 per cent respectively, and of red 
blood-cells about 1^000 000 and 2,500,000 respectively The third dog 
pie^ented the picture of a pernicious anemia, hemoglobin dropping to 
20 per cent ^ the red cells to about 1 000,000 on the 103d day, aftei th]‘= 
period the anemia became somewhat less severe, but the animal died a 
=hort time afterward Laudenbach quotes Zezas as saying that in wolves, 
afrer splenectomv the gieatest decrease in red blood-cells occurs in the 
‘•econd week Yinogradoff^" finds this to occur on the 200th da}’ in dog« 

Other investigators^^ state that the removal of the spleen in dogs has 
no effect on the number of blood-corpuscles A leukocjtosis which thev 

7 Tredericq L, and Xuel, J P Elements de Physiol Humaine, Masson, 
Pans, 1904 

8 Picard, P, and Malassez Gaz med de Pans 1878, mi, 185, Senes 5 

9 Vnlpras Oskar Beitr zur Klin Cliir , 1894, xi G33 

10 Gib'jon J L Jour Anat and Physiol , 1886, xx, 324 

11 Laudenbach J Arch d Physiol, 1897 ix'385 

12 Vinogradoff Quoted by Emile Bordet, These de Pans 1897 

13 Paton, D X, Gulland, G L and Fowler, J S Jour Physiol 1902, 

xxMii 83 
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find, and which reaches its height about the fourth week, they attribute 
to a slight suppuration originating at the time of operation 

J^icholas and Dumonhiin^'* found a postoperative leukopenia followed 
by an eosmophilia and a lymphocytosis 

Three standard works on hematology give the results of splenec- 
tomies in man, as follous 

DaCosta “Excision of spleen in man is followed by a diminution 
of hemoglobin and red blood-cells Blood regeneration is slow, taking 
one to three months There is also a leukocytosis of the poljmeutrophil 
type of from 15.000 to 30,000, persisting for four to six weeks Aftei 
some months or a year or two, eosmophilia develops Lymphocytosis is 
a frequent but unconstant condition ’’ 

Cabot^® says that after splenectomy oceuis a hyperplasia of lymph- 
nodes associated wath a ly^mphocy tosis , later a moderate eosmophilia with 
an increased number of mast cells Grawitz^^ say's that in man there is 
no especial change m the led blood-cells, showing therefore that the spleen 
has nothing to do with the regeneration of the red blood-cells Most 
striking, in many cases, are the alterations in the leukocytes, in man, 
as well as in animals, after splenic extirpation, an increase of lymphocjies, 
and also of eosinophils is common 

In considering the results of splenectomy in man, the blood examina- 
tions in most of the reported eases must be discounted or completely , 
discarded as the operation was one for some consideration of (1) the 
spleen as an abscess or a rupture with slow hemorrhage or (2) of the 
blood, as in Banti’s disease, which, a piwn, would alter the blood-picture 
Again, in some of the chronic conditions the spleen may have been dis- 
eased so long and so extensively that a vicarious compensation of its 
function by other organs may have occurred, thus obscuring the effect 
of removal Therefore in review'ing the literature of splenectomy such 
cases have as a rule been omitted 

The case under the author’s observation, and the immediate cause 
of this myestigation, was an individual with a cyst of the spleen Before 
operation the blood examination was normal except for some slight 
anemia Eight days after operation it was as follows 

14 Nicliolas, J, and Dumonhim, L E and F Jour de pliysiol et de path 
g6n , 1903, V, 1073 

15 DaCosta, John C , Jr Clinical Hematology, Blakiston, Pliila , 1905, Ed 2 

16 Cahot, E C Clinical Examination of Blood, Wood & Co , Hew York, 1904, 

Ed 5 

17 Grawitz, E Klin Pathologic des Blutes, Thieme, Leipzig, 1906, Ed 3 
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Eiythrocytes 

4,642,000 


Hemoglobin 

90 

per cent 

Leukocytes 

11,400 


Polymorphonuclears 

70 6 

per cent 

Lymphocytes 

14 6 

per cent 

Large mononuclears and transitionals 

12 2 

per cent 

Eosinophils 

24 

per cent 

Basophils 

02 

per cent 

After eighteen days 



Erythrocytes 

3,916,000 


Hemoglobin 

87 

per cent 

Leukocytes 

13,900 


Polynuclears 

60 

per cent 

Lymphocytes 

24 

per cent 

Large mononuclears and transitionals 

16 

pel cent 

After nine months 



Erythrocytes 

4,400,000 


Hemoglobin 

80 

per cent 

Leukocytes 

17,000 


Polymorphonuclears 

70 

per cent 

Lymphocytes 

25 

per cent 

Large mononucleais and tiansitionals 

4 

per cent 

Eosinophils 

05 

per cent 

Undetermined 

0 5 

per cent 

After fifteen months 



Erythrocytes 

4,220,000 


Hemoglobin 

75 

per cent 

Leukocytes 

14,800 


Polynuclears 

58 

per cent 

Lymphocytes 

38 

per cent 

Large mononuclears and transitionals 

9 

per cent 

Basophils 

1 

per cent 

Eosinophils 

1 5 

per cent 

Undetermined 

0 6 

per cent 


Henncius^® m a similar case found a diminution of about 500,000 
red blood-cells, 20 per cent hemoglobin and an increase of leukocytes to 
19,800 Ifiye months later the leukocytes weie 13,200 and seventeen 
months later, 12,000 In a case of splenic anemia reported by Warren 
a hemoglobinemia existed at time of operation, the hemoglobin was 65 per 
cent , red blood-cells were normal and the leukocytes 2,200 Immediately 
after operation occurred an increase of white cells and a gradual fall of 
red cells and coloring matter On the sixteenth day after operation the 
red cell count was 3,256,000 , hemoglobin 45 per cent and the leukocyte 
count 24 000 Eight days latei the hemoglobin was 40 per cent , leuko- 
C3tes 21,000 and red blood-cells 4,632,000 Hartmann-" and Vaquez 
report several cases of excision of a spleen, one of which was on account 
of a twist of the pedicle The record of one of their eases shows that the 
red blood-cells fell to 1,634,000, hemoglobin to 45 per cent , and the leuko- 
cytes rose to 17,000. A year later the hemoglobin and erythroc5tes were 
practically normal and the leukocytes numbered 27,000 Another case 


18 Henricius Arch f Klin Chir , 1904, Ixxii, 138 
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mentioned by tliein showed one month altei opeiation a loss of 1,500,000 
led blood-cells and an increase of leukocytes to 18,000 A 3 eai late/ the 
led blood-cells had only slightl}'^ increased, the hemoglobin nas noimal 
and the leukocytes maikedly increased Tliiee yeais after operation a 
pronounced secondary anemia dei^eloped with a leukocyte count of 20,000 
Swaim^^ reports a case in which the patient operated on foi a simple 
hypertrophy of the spleen showed no blood changes before operation 
After a few days the red blood-cell count was 2,160,000 while the leuko- 
cj tes numbered 23,800 Before the discharge of the patient the red blood- 
cell count returned to normal and the leukocytes to 16,250 Monnieir^ 
in a case of cyst of the splen, found the leukocyte count before opeiation 
to be 7,000 and two months later 13,000 

Myers^® m a careful study of the blood found the red blood-cells and 
hemoglobin to be low aftei splenectomy but gradually increased as time 
went on The leukocytes also lose, reaching 28,400, and two months 
after operation were still high (14,100) The dilferential count showed 
a rather marked lymphocytosis 

Jepson-'* quotes a case in -which the erythrocytes fell from 5,000,000 to 
3,300,000 but after three weeks returned to 4,500,000 The leukoeydes 
increased from 6,000 to 27,000 Heaton-® found no change at all in the 
blood except a great increase of laige inononucleai and tiansitional forms 
Eliot,®® in a case of splenectomy for rupture of the spleen, found one year 
after operation a leukocytosis of 17,000, hemoglobin 95 per cent and led 
blood-cells 5,800,000 In a second case, Staehehn’s,®^ of ruptuie, the 
greatest leukocyte count wvns on the ninety-fifth day, the lowest hemo- 
globin on the 128th day'^ and the low'est red blood-cell count on the 
161st day 

These isolated observations have been selected fiom many'- reports 
wdiich in general shoiv about the same blood-pictuie The reports have 
for the most part been made to indicate the results of splenectomy as an 
operative procedure lathei than an account of the blood-pictuie A sren- 
eial analy^sis, however, show^s that in the majority^ of cases a marked 
leukocydnsis is present and persists for a year oi more, often a pronounced 
secondary'^ anemia occurs, in wdiich the color index is normal as a rule, 
so also lymphocydosis without much change otherwnse in the differential 
count How^evei, as has been emphasized, in a small minority of the cases 
these changes aie not found, a fact wdiich explains the variation in the 
blood-picture, winch at first sight seemed so remarkable 
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In the present senes of observations three clogs were employed, the 
lesnlts with these weie so nnifoim that fiiithei study was considered 
nnnecessaiy Healthy adult dogs were selected and pieliminaiy counts of 
the blood of each of the animals were made befoie operation The splenec- 
tomies were peifoimed as lapidly as possible under ethei anesthesia and 
with iigid aseptic piecaiitions, wuth piactically no hemorihage and with- 
out anj untoward after effects After operation the blood counts w^eie 
made daily for five days, then eveiy othei day foi a w^eek, then every 
fourth day, every week, later on every two w^eeks and finally every thud 
Aveek The counts w^eie all made m a uniform manner at the same time 
of day and the same number of hours after feeding (see accompanjing 
table) 

Hoiinal dog’s blood, as might be expected, differs somewdiat from that 
of man The normal red cell count vanes betw’^een 4,500,000 and 6,500,000 
and the hemoglobin bears a proportional relation The leukocytes vary 
fioin 8,000 to 15,000 wuth an average of 11,400 per millimeter 

The differential count also show's some slight variations Busch and 
Van Bergen-® found in the dog five t 3 fpes of leukocytic cells as follow's ' 
pol^nuclears 65 7 per cent, lymphoe 3 'tes 21 per cent, large inononucleais 
6 8 per cent , eosinophils 5 3 per cent , mast cells 1 2 per cent 

The dogs of the present series all showed preliminary normal counts 
in accordance wath these figures After operatron the most striking 
changes were in the leukocvtes, hemoglobin and red blood-cells (Charts 
1 and 2) The hemoglobin and red blood-cells show^ed a gradual progres- 
sive and an almost proportional drop until the tw^enty-sixth day after 
operation This was more marked in Dog 1, whose hemoglobin fell to 
50 per cent and red blood-cells to 2,800,000 In Dog 2 the fall ivas less 
marked, the figures being 65 per cent and 3,500,000, respectively The- 
figures for Dog 3 w'ere niidw'a}'^ between the other twn From the twenti'- 
sixth day to the eight 3 -second da 3 ' a constant increase of the red cells and 
hemoglobin ivas found Since that period and until the 3 38th da}'^ the 
counts remained practically normal oi a little below' normal The leuko- 
cytes show'ed a great increase rmmediately after operatron This w'as 
most marked in Dog 2, which had a leukoc 3 tosis of 48,000 tw'entv-foui 
hours after operation, at forty-eight hours the count fell considerabl'^ 
and from then on gradually returned to normal Dog 3 show'cd a slight 
leukocytosis as compared ivith that of the other tw'o dogs On the four- 
teenth da 3 ’' the leukoc 3 'te count was below 15,000, there it remained until 
the last counts when it ivas found to have risen somewdiat The diffei- 
eiitial count showed nothing very definite The polynuclear count was 
at various times either high or low, when it was high the l 3 miphocAte 

28 Busch,]? C , and Van Bergen, C Jom Hed Eeseaich, 1902, viii, 408 
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count was low, and vieo vcisa Foi the most part the former remained 
higher than in the normal dog A rather stiiking change was found in 
the eosmopluls At fiist occuried a slight rise m the proportion of 
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Chart 1 — Showing the effect of splenectomy on the hemoglobin in dogs 
B = Before operation, upper figures = days after opeiation, figures to left=: 
percentage of hemoglobin Continuous line = Dog 1, interrupted line = Dog 2, 
dotted line = Dog 3 
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Chart 2 —Showing the effect of splenectomy on the erythrocyte count in dogs 
Figures to left = erythrocytes per millimeter, B — before operation, upper 
figui es = days after operation Continuous line = Dog 1, interrupted line 
Dog 2, dotted line = Dog 3 

eosiDophils but after the third week no cells of this tj^pe were found until 
the eighty-second day in one dog and the ninety-sixth day in the other 
two animals The last two counts show’ed a marked increase in the 
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number of eosinophils as conipaied with the counts niadebefoie operation 
Mast cells have only occasionally been seen The niimbei of large mono- 
nuclear and transitional forms classified together, also was decidedly 
lower after the operation and ha*! increased in the last counts, a change 
comparable to that chaiacteiizing the eosinophils Atypical forms of 
eiythTOC}tes and leukoc 3 tes ueie rare In Dog 1, nucleated led cells 
■were observed five times, the largest number seen in one count being 
three, none was seen m the other tuo animals At no time were changes 
seen m size and general chaiactei of the cells, other, of course, than a palei 
staining, corresponding to a low hemoglobin content Four times in the 
series of counts basophilic myelocytes were seen , no other atypical leulco- 
cytes were observed 

sunniARY 

Splenectomy causes in the dog 

1 Secondary anemia, lasting about two and a half months 

2 A postoperative leukocytosis, most marked twenty-four hours after 
operation and lasting a variable time, longer indeed than these counts 
have been earned — 138 da 3 ^s 

3 A total absence of eosinophils from about the third to the eleventh 
week followed by an eosinophilia of a rather pronounced degree 

4 A decrease and later an increase in the number of large mono- 
nuclears and transitional forms, the lymphocytes and polynucleais being 
proportionally increased and later decreased 

CONCLUSION 

On account of the secondary anemia, pronounced at times, and seen 
both in man and animals, the operation of splenectomy must be consid- 
ered more seriously than it has been heretofore, at least, measures for the 
conservation of the general health of the patient and the legeneration of 
the blood must be kept in mind 
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Table Shoamxg Efelct on the Blood or Dogs or Elaioval or the Spleen 

Dog 1 (Continled) 
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Daj s After 
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THE EEEQUEHCY OF EXPEEIMENTAL GLYCOSUEIA 
FOLLOWING IHJECTIOHS OF EXTEACTS 
OF THE HYPOPHYSIS ’ 


JOSEPH L MILLER, MD, aad DEAN LEWIS, MD 

CHICAGO 


It IS gereialh conceded that patients ivith aciomegaly veiy fieqiiently 
show qithei a tiansitoiy oi a peimanent gl}Cosinia BoichaidV leview- 
ing the liteiatiiie of aeiomegal}', icpoits that iihen an examination of 
the mine is mentioned 35 5 pei cent of the cases show a glycosuiia and 
an additional 5 pei cent a lessened sngai toleiance Inasmuch as the 
gi3cosiiiia is often tiansitoiy and not mfieqnently independent of the 
chaiactci of the diet, unless the iiime is lepeatedly examined it may he 
oveilooked The piesence of the ghcosiiiia might be accounted for eithei 
on the one hand by piessiiie of the enlaiged anteiioi lobe on the hypo- 
thetical sngai centei oi on the adjacent posteiioi lobe of the hypophysis, 
01 on the other by the action of the hyqiophyseal secietion on sngai metab- 
olism, eithei diiectly or thiongh its coiielated action with the thyioid oi 
snpiaienals It has been noted that tumors of the hypophysis not associ- 
ated with aciomegaly aie not apt to be accompanied by a glYCOsnna 
Tumors about the infundibulum, especially those developing from mouth 
epithelium, aie fiequently accompanied by polyuiia without glj'cosuiia 
It has been suggested that the glycosuiia might possibly be due to the 
pressure of the enlarged anteiioi lobe on the poster loi lobe of the hypoph 
ysis Theie is no expeiimental or clinical evidence, however, to show 
that gtycosuiia can be due to lessened functioning of the posterior 
As a rule in acromegaly" there is an adenomatous hj^peiplasia o tie 
anteiioi lobe, or, in cases in which it is not enlarged, an increase in i ^ 
specific secretory cells It is, theiefoie, generally believed that acromegaly 
is due to hypersecretion of the anterioi lobe of the hypophysis 

If the secietion of the hyqoophysis was directly responsible for the 
appearance of sugar, it might be exjiected that extracts of the glanc v len 
administered to an animal would excite a glj^cosuiia Y ith this in mine 
several investigatois have undei taken the experiment with varied resu 
Borchaidt,^ injecting rabbits subcutaneously, obtained positiie le^u t 
in twentjr-eight out of thirty^-five animals The amount of sugar \aiie 
fioin a trace to 4 27 per cent It usually appeared within tvo or three 


*Fiom the Lahoiatory of Expenmental mSes 

1 Borchaidt, L Die Hypopliysenglykosuria und ikre Beriel „ 
hei del Akiomegalie, Ztsclir f klm Med, 1908, Kvii, 333 
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houis aftor the injection and raiely persisted foi more than twentj^-foiii 
horns In the seven negative tests even very large amounts of the extract 
failed to pioduce a glycosuria He also tried the same experiment on 
seven dogs Five developed a tiansitoiy ghcosuria, but in none of them 
could the results be considered conclusive, as the conditions present were 
abnormal Two of the dogs showed a gljcosuria only when fed on a large 
amount of carbohydrates, and in one of these the sugar first appeared 
twenty-four hours after the injection From two of the animals in which 
a spontaneous gl 3 '’cosuria developed when fed on carbohydrates but which 
lemained sugar-free on a meat diet, a large portion of the pancreas had 
previousl}'’ been removed These tuo animals, when fed on meat, devel- 
oped a glycosuria after the subcutaneous injection of the hypophyseal 
extract Finally, the other positive dog had an intense tremor following 
the injection, a not unusual experience after injections of the hypophyseal 
extracts, especially of the posterior lobe This tremor, by shaking the 
glycogen from the muscles, might account for the gljcosuria Bossi 
reported a glycosuria in dogs after subcutaneous injections, but his results 
are questionable, as he emploj^ed 0 5 per cent phenol (carbolic acid) as 
a preservative, sufiicient in itself, as shown by Bukowski, to produce a 
glycosuria Pal obtained negative results FianchinP injected twenty- 
two rabbits with extracts, either of the entire hypophysis or of the sepa- 
rate lobes, he employed both subcutaneous and intravenous administra- 
tion and obtained positive results in only two animals, and then only 
shortly before death As both of these animals showed extensive lesions 
of the intestine, Franehini considers this the cause of the glj^cosuna As 
Gaultier, Mmkowski and others have shown, irritation or mechanical 
injury to the bowel may give rise to gljcosuria 

"With these conflicting results, it was thought that it might be of 
interest to repeat these experiments, using extracts from the separate 
lobeS Small dogs were selected, rather than rabbits The well-lcnown 
tendency of the rabbits to spontaneous glycosuiia, and the readiness with 
which it can be excited by indifferent agents, render these animals unsuit- 
able for this particular work Only those cases were recorded in which 
the uncontaminated urine was obtained This was at times difficult on 
account of the gastro-intestinal disturbances excited by the injection 
Fresh ox hypophyses were obtained at the stock j^ards The two lobes 
were separated, cut into small pieces, dried and pondered and from this 
a normal salt extract was prepared Some of the animals received the 
solution intravenous^, others intraperitoneally The latter method was 
used, as Herter and Wakeman reported the most marked suprarenal 
ghcosuria aftei intrapentoneal mjections In the examination for sugar 

2 Francium, G Die Funktion Hypophyse und die Wirkungen der Injektion 
lilies Extraktes bei Tiereii, Berl klin Wchnschr , 1910, xlvii, old 
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the 1111116 was fiist tested with Feliling’s solution, if reduction occnired 
the polariscope and fermentative tests were tiied This is essential as 
the dog’s nrine very frequently contains a reducing substance which is 
not sugar 

In all, thirty animals were in]eeted, fifteen with extracts of the ante- 
rior lobe and the same number with extracts of the posterioi lobe Sev- 
eral urines contained a reducing substance, but only three proved to 
contain sugar Two of these animals had received injections of the dried 
preparation of the entire anterior lobe, 0 4 and 2 gin One had received 
an injection of 12 c c of pituitiin, an extract prepared from the posterior 
lobe All three of the positive animals had received intrapentoneal injec- 
tions The peicentage of sugar as determined bj^ the polariscope was 
0 48 per cent and 0 5 per cent from the anterior lobe, and 0 75 per cent 
from the posterior lobe The gljcosuria was alwaj^s transitorj’', disap- 
pearing within twentj'-foui hours jSTo special polyuria was noted in 
these three cases, although it was frequently observed after injections of 
the posterior lobe, or after injection of a portion of the anterior lobe 
adjacent to the cleft, which, histologically, is pars intermedia Extracts 
of the anteiior lobe distant from the cleft did not excite diuresis 

If we are justified in drawing any conclusions from the above results, 
as to the effects of the extracts of the hypophysis in producing glycosuria, 
it must be that the substance responsible is present in both lobes As the 
pars intermedia is common to both the anterior lobe and the posterior lobe 
of the hypophysis, it might be assumed that this portion was responsible 
for the glj^cosuria It is a question, however, in these three animals, 
whether the glycosuria was the result of disturbed sugar metabolism due 
to the specific action of the hypophyseal extract or to other factors As a 
rule, following either intravenous or intrapentoneal injection of extracts 
from the anterior or posterior lobes certain symptoms are noted The 
most striking of these are gastro-intestinal disturbances, dyspnea, tremor 
and finallj’’ extreme lassitude The gastro-intestinal disturbances are 
unusually severe with vomiting, purging and often within a few minutes 
stools containing mucus and blood Eianchinff has already called atten- 
tion to the intestinal lesions following the use of hypophyseal extracts, 
and also to the role such lesions may exert in exciting a glycosuria 
Respiratory disturbances are a well-recognized cause of glycosuria Under- 
hilP and others have shown that in the presence of dyspnea there is hyper- 
glycemia and gtycosuria The glycosuria following nicotm and pjo’idin 
IS probably due to the action of these drugs on the respiratory center 
Henderson reports glycosuria after injecting peptones, owing, as he 
believes, to the acapnia arising from accelerated respiration Almost con- 

3 Underhill, U P Certain ‘Aspects of Experimental Diabetes, Jour Biol 
Chem, 1905, i, 113 
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stantly after in,]ecting extiacts of the hjpophjsis theie is laboied bieath- 
ing, piobabty identical witli that following peptone injection, and this 
might leadily account foi the glycosuria Finally, it lias been shoun 
that aftei piolonged seieie tiemoi, sugai may appear in the uiine The 
tieinoi following the injection of hjpophjseal extiacts may be seveie and 
piolonged 

It IS not impiobable that one oi all of the above factois may be lespon- 
sible for the gljcosuiia lather than an^ specific action of the hypophyseal 
extract This explanation appeals the moie piobable on account of the 
infiequent occuiience of the gl3cosuiia, vhich we would not expect if it 
weie specific in chaiactei 

Gljcosuiia has fiequently been reported in dogs aftei partial leinoval 
of the hipophjsis Goetsch, Cushing and Jacobson'* found a glycosiiiia 
aftei operative manipulation of the hj’pophysis, due, they believe, to the 
setting fiee of an excessive amount of the secietion of the posteiioi lobe 
On account of the leadmess with vhich gl^cosuiia may be excited bj anes- 
thesia, gieat caie must be exeicised in dravmg conclusions as to the exact 
nature of the glj'cosuiia following opeiative pioceduies We attempted 
to deteiinine wdiethei painting the panel eas with extract of the h5qioph3sis 
would pioduce a glycosuria, as Haiter and Wakeman had done with siipia- 
renal extiact It w^as found, how^ever, after the dog had been etherized 
foi an houi, that spontaneous gl3'cosuiia developed In oui expeiiments, 
the development of a gl3eosuiia aftei ethei anesthesia w'as not an excep- 
tional but a unifoim occurienee In one instance, the amount of sugai 
W'as 6 2 pel cent Haw k° has recentlv showm that anesthesia of tw enty 
minutes’ duration may excite a gl3cosur]a in dogs 

COIfCLUSIONS 

Intravenous or intiapeiitoneal injections of saline extiacts of eithei 
the anterioi or posteiioi lobe of the hvpophjsis will occasionallj' pioduce 
a tiansitorj’’ glj'cosiiiia in dogs It is doubtful wdiethei oi not this is due 
to the specific action of the extract on sugai metabolism The tiemoi, 
maiked iespiiator3'' symptoms, and intestinal distuibance following the 
injection are sufficient to account for it 

7' Goet^^ch, E , Cushing, H , and Jacobson, C Caibohvdi ate Toleianee and the 
Posterior Lobe of the Hypophysis Cerebii, Bull Johns Hopkins Hosp , 1 1 , 

5 Hawk, P B Postanesthetic Glycosmia, The Archives Int jMed 1911, 
1111, 39 



THE OCCUREBNCB OB NATIVE ANTISHBEP AMBOCEPTOH 
IN HUMAN SERUM AND ITS IMPORTANCE 
IN THE PERFORMANCE OF THE 
WASSERMANN REACTION" 

EICHARD DEXTEE, M D , akd C L CmiMEE, M D 

CrjSVEIAND 

t 

That theie occms in ceitain human serums a substance which hemol- 
yzes sheep corpuscles in the presence of complement has been known 
for a considerable time It has been oui purpose to find out how much 
the piesence of this substance in seiums which reacted positively to the 
Wassermann test could afilect the final result of the reaction 

In 1908 Bauei^ pointed out that use might be made of this sub- 
stance — to uhicli we shall refer as native antisheep amboceptor — in the 
complement fixation test foi syphilis, and he suggested substituting this 
native amhoceptoi foi the labhit sheep amboceptor used in the Wasser- 
mann reaction The Wassermann technic would be simplified in this 
way, as one of the reagents would be eliminated without endangering 
its accurac}'’ This proceduie is known as the Bauer modification of the 
Wassermann reaction Shortly aftei this, Bering^ reported a series of 
123 cases, in which both the Wassermann reaction and the Bauer modi- 
fication were used He found that the results of the two reactions checked 
in all of the 123 cases, but other observers who compared the two methods 
found that the presence of this native antisheep amboceptor was too incon- 
stant to be depended on Hoehne^ found that at least 10 per cent of the 
adults had in their serum either none of this substance or an insufficient 
amount for the reaction Meirowslcy^ found Bauei^s modification to be 
inaccurate and unreliable as compared with the Wassermann reaction 
Swift® compared the results of the Bauer reaction with the Wassermann 
and Noguchi reactions in sixty-five serums He found sufficient native 
amboceptor to carry out the Bauer modification in 38 per cent of the 
cases, and an insufficient amount in 60 per cent of the cases Noguchi® 
found that this native antisheep amboceptor varied much in different 

*From the H K Cushing Laboratory of Experimental Medicine, Western 
Eeserve University, Cleveland Eeceived for publication Feb 5 t, i 1 1 

1 Bauer, J Deutseh med Wchnschr , 1908, xxxiv, 698 , Berl k in 
Wchnschr, 1908, xlv, 834 

2 Bering, F Munchen med Wchnschr , 1908 xlviii, 2476 

3 Hoehne, F Berlin klin Wchnschr , 1910, xlvii, 334 

4 Meirowsky, E Berl klin Wchnschr , 1909, xlvi, 152 

5 Swift, H F The Archives Int Med , 1909, iv, 376 

6 Noguchi, H Jour Exper Med , 1909, ix, 392 
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sGrunis ^ in soitiG mstfiiicGs tliG flinliocGptoi contGiit ivns ss liigli as 30 units 
Kaliski found from slight to laigG amounts in about 53 per CGut of human 
adults The abovG observations go to show ihat while there is in ceitain 
human seiums enough antisheep amboceptoi to hemolyze the amount of 
sheep cells used in the Wassei'mann leaction, this is by no means a con- 
stant characteristic 

Moigenioth and Sachs,® JS^oguchi® and others have shovn that with 
a constant amount of red cells, hemoljsis will occui when the amounts of 
amboceptoi and complement aie vaiied inversely to each other In othei 
words, hemolj'sis will oecui with a constant amount of sheep coipuscles 
even if less than one unit of complement be used when the amount of 
amboceptoi is increased proportionately It is theiefore conceivable that 
in a seium which contains enough native amboceptor for the puiposes 
of a complement fixation test, the addition of the usual dose of artificial 
amboceptor might well change a positive reaction into a negative one 
by causing hemoh sis to take place where none should occur 

In Older to obtain an idea of the amount of native antisheep ambo- 
eeptoi m human serums which were to be tested by the Wassermann 
reaction. Swift® suggested the addition of a new eontiol tube to the 
Wassermann s^’^stem This tube would contain one-half the amount of 
human seium used in the test, with the usual amount of complement and 
sheep-cell emulsion He thought that if hemoljsis occui red in this 
control tube ‘fit would give a clue to the cause of negative findings with 
certain serums and would justify repeating the reaction with the Bauei 
modification ” 

Acting on this suggestion we hare controlled a large numbei of 
Wassermann reactions with this extra test We have used the modified 
Wasseimann system recommended by Swift,® in which one-half the 
amount of serum and reagents emploj'ed in Wasseimann’s original technic 
are used The tube containing only the patient’s seium, complement and 
cell emulsion, which we may call the Bauer control tube, is incubated foi 
one hour, during which time the leactions undergo their first incubation 
If at the end of the hour the Bauei control shows complete hemolysis it 
has been our custom to perform the test without the addition of the 
artificial amboceptor, depending on the native amboceptor to cany out 
the reaction 

We have controlled 1,686 reactions in the above mannei and hare 
found sufficient native amboceptoi in 301 seiums (17 9 per cent ), wliile 
in 1,385 (83 1 per cent ) there was either none oi an insufficient amount 

We have also reviewed our notes on ninety-five additional cases in 
vhich two or more Wassermann leactions had been done In sixty-two 


7 Kahski, D J The Akchu’es Iht 

8 Morgenroth, J , and Sachs, H Bei 1 

9 Noguchi H 'The Serum Diagnosis 


Med, 1010, n, 205 
klin Wchiischr , 1902, vvkix, S17 
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of these cases there was no native antisheeji amboceptor at any time 
Five showed a sufficient amonnt of native amboceptor constantly on two 
or moie observations, while twenty-eight cases showed an insufficient 
amount of native amboceptor on one occasion and a sufficient amount on 
otheis, or vice veisa These observations were made over periods of time 
varymg from weeks to months, and merely suggest that the native anti- 
sheep amboceptor in human serum is a distinctly inconstant body even 
m one and the same individual 


Table or Positive Eeactions Changed by the Addition of Aetieicial 

AIiIBOCEPTOB* 


No 

Without 

With 

No 

Without 

With 


Artificial 

Artificial 


Artificial 

Artificial 


Amboceptor 

Amboceptor 


Amboceptor 

Amboceptoi 

1 

+ + + 

++ 

15 

+ + + 

— 

2 

+++ 

+ + 

16 

+ + + 

— 

3 

+++ 

+ + 

17 

+ + 

+ 

4 

+++ 

“I — h 

IS 

+ + 

+ 

5 

+++ 

+ + 

19 

+4* 


6 

+++ 

+ + 

20 

++ 


7 

+ + + 

+ + 

21 

++ 

— 

8 

+ + + 

+ 

22 

4‘4- 

— 

9 

+++ 

+ 

23 

+ 


10 

+ + + 


24 

+ 


11 

— 1- 

-H 

25 

+ 

— 

12 

4'4-+ 

*+■ 

26 

4" 

— 

13 

++4- 

ZSl 

27 

4* 

— 

14 

+++ 

rt 

28 

+ 

— 


^'In this table -j — j — means stiongly positive (no hemolysis) , positive 

(distinct hemolysis without visible diminution in the layei of cells at bottom of 
tube) , feebly positive (hemolysis with some diminution in the layei of cells 
at bottom of tube) , plus-minus (marked hemolysis with only a faint layer 
of cells at bottom of tube) , — , negative (complete hemolysis) 

As already stated, the main purjiose of the observations discussed in 
this paper was to find out how far positive Wasseimann reactions in 
serums which showed a sufficient native antisheep amboceptor content 
could be affected by the addition of the usual dose of artificial ambo- 
ceptor In the series specially devoted to tins purpose, our procedure has 
been to perform two separate reactions on such serums One reaction was 
earned through without the' addition of artificial amboceptor, i e , with 
the Bauer modification, while the second reaction received the usual dose 
of artificial amboceptor We have done a large number of reactions in 
this manner, of winch seventy-seven serums showed a positive reaction 
fo the Bauer modification 

Of these seventy-seven positive reactions forty-nine, or 63 6 per cent , 
remained unchanged by the addition of artificial amboceptor, while 
twenty-eight, or 36 4 per cent , weie changed by the addition of artificial 
amboceptor 

Of the forty-nine reactions which were unchanged, forty-one weie 
stiongly positive (-f -f- ^ foui wmre positive (-f- -f) and four weie 

feebly positive (-[-) 
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Of the twenty-eight reactions altered by the addition of artificial 
amboceptoi, sixteen were classed as strongly positive Of these sixteen 
reactions seven weie changed to positive (-f -f-) , three were changed to 
feebly positive (+) , four were changed to plus-ininns reactions (di) 
and two became negative ( — ) (see table) 

There were six reactions classed as positive Of these two were 
changed to feebly positive reactions (+) , two were changed to plus-minns 
reactions (zt) and two became negative 

There were six reactions classed as feebly positive Of these two 
became plus-minns reactions, and four became negative 

Ifurthei, there were eight reactions not counted in the above series, 
clashed as plus-minus reactions, all of which became negative 

CONCLUSIONS 

Of the twenty-eight positive reactions which were altered by the 
addition of artificial amboceptor, eight were changed to fiankl^ negative 
reactions and eight became plus-minus reactions, which could not be 
considered positive Thus it is interesting to note that out of the seventy- 
seven serums observed, there weie sixteen positive reactions (31 8 per 
cent ) which became either entirely negative oi ambiguous and for prac- 
tical purposes could onl} be considered negative 

It seems justifiable to conclude that while the presence of a native 
antisheep amboceptor in human serum is by no means constant it is 
essential to take note of its presence or absence in performing the comple- 
ment fixation test for S3'’philis by the Wassermann method, and that if 
this precaution be not taken, a certain and by no means very small 
percentage of positive reactions will be recorded as negative By follow- 
ing this simple method of controlling the reaction this eiror will be 
obviated to a large degree 
The Eose Building 



STUDIES OP THE LEUKOCYTES IK PULMOKARY 
TUBERCULOSIS AND PKBUMOKIA“- 

JAMES ALEXANDER ]\IILLER,MD, and MARGARET A REED, AB 

NEW YOKE 

It has long been recognized that the leukocytes of the circulating 
blood play an important role in many, if not all, bacterial infections, and 
numerous investigations have alieady contributed valuable additions to 
our knowledge of this subject 

The researches of Arneth, calling attention to the morphology of the 
nucleus in the neutrophil leukocytes, especially in tuberculosis, have 
stimulated further studies in tins direction on the part of various 
observers The results reported in this paper were first suggested by the 
work of Arneth and represent an effort to corroborate and amplify his 
results by various experimental and clinical observations and especially 
to determme their value in the diagnosis and prognosis of pulmonary 
tuberculosis and pneumonia 

It seemed possible that Arneth had laid undue emphasis on the signifi- 
cance of the neutrophil leukocytes and that it was important to study the 
other forms of leukocytes in connection with them Pneumonia was 
chosen as a companion study with pulmonary tuberculosis, as forming a 
contrast of an acute with a chronic pulmonary disease. 

An effort has been made to collect the information which is widely 
distributed in the literature, and by coi relating our own results with that 
of others, to try to present a fairly complete study of the behavior of the 
white blood-cells in these two diseases 

The clinical mateiial was obtained from the tuberculosis clinic, day 
camp and wards of Bellevue Hospital, and in the case of pneumonia 
from the medical wards of Bellevue Hospital, many of the cases observed 
being under the services of Dr George R Lockwood and Dr William K 
Draper, to both of whom we are deeply indebted for the privilege of 
studying these cases 

THE LEUKOOTTES IN' NORJIAL INDIVIDUALS 

As a basis of such a study, it is essential to establish the normal 
conditions both as to total number of leukocytes in the blood and as to 
their distribution among the various classes as shown by the differential 
count 

* Read before the American Climatological Association in Montreal, Can , 
June, 1911, received for publication Dec 1, 1911 
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Almost all authorities place the normal number from 5,000 to 10,000 
pel cubic millimeter The text-books have evidently appropriated these 
results fiom the earlier observations of Hayem/ Tuik,^ Grawitz/ hTaegeli'^ 
and others A recent careful stud}’^ by K^er-Peteisen/ however, places the 
average normal number between 4,000 and 5,000 in men and comes to 
the conclusion that in women the normal count is very irregular, varying 
from 4,000 to 25,000 under various phj^siological conditions 

This observer la 5 's great stress on the fact that the blood is often not 
homogeneous, this being especially apt to be the ease in women He 
attributes the higher counts usually noted to improper methods, la 3 ung 
particular stress on the necessity, of talang the specimen of blood when 
the subject is fasting before breakfast and also on the importance of 
invariable close approximation of the cover-slip to the counting chamber 
so as to produce Hewton’s rings Arneth, Stetfen and others agree with 
Kjer-Petersen In our own studies we found the average number of 
leukocjdes in a large number of counts to be 9,000 

In the normal differential count there is considerable variation among 
the various authorities This is largely due, however, to the fact that 
there is no unanimity of opinion as to what types of cells are included in 
the various groups Table 1 gives the figures quoted by several inde- 
pendent observers 

Table 1 — Normal Diiterential Count 
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Many emphasize the importance of calculating the actual number of 
each class of cells rather than indicating the results by percentages In 
our work we have discarded the terms ^TransitionaP and large mono- 
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imclear,” and m our differential count these cells, as described by otlieis, 
are probably partly included in the polyniicleais and partly in the large 
lymphocytes 

THE BIOLOGY OF THE LEUKOCYTES 


In Older to understand properly the significance of the differential 
count of the leukocytes, particularly the work of Arneth,^’- it is valuable 
to summarize briefly the theories concerning the development of the 
leukocyte 

There are two general theories regarding this development, dividing 
hematologists into two distinct schools One, under the leadership of 
Ehilieh,^^ considers that the polynuclear neutrophils, eosinophils and baso 
phils are derived only from their coi responding marrow-cells and that 
there is never a transition from the lymphoc5des to the polynuclear forms 
The lymphocyte, according to this school, develops from the various 
Ijmphoid organs, some even from 13'mphoid tissue in the marrow and 
pass tlirough the various stages of lymphoblasts, large lymphocytes and 
small lymphocytes, but never into the types of cells with granular cell 
bodies 

The large mononucleais and transitional cells, according to this school, 
are separate entities derived from the marrow and the transitional cells 
probably are derived from large mononuclears and in turn are trans- 


11 Aineth Die neutrophilen weissen Blutkorperchen bei Infektionskrank 
heiten, Jena, 1904, G Fischer, Zum Verhalten dei neutrophilen Leukozyten hei 
Infektionskiankheiteii, Munchen med Wchnschr , 1904, li, 1097 , Die agonale 
Leukozytose, Munchen med Wchnschi , 1904, li, 1195, Experiinentelle Unter- 
suchungen zum Verhalten der weissen (und roten) Blutkoiperchen bei Infektions 
und Intoxikationsversuchen, sowie nach Einverleibung von Eiweisskorpern und. 
Heilseiis, Ztsehr f khn Med, 1905, Ivii, 288, Munchen med Wchnschr, 1J04, 
li, 1993, Die kachektische Leukozytose, Verhalten der neutrophilen Leukozy en 
beim Caicinom, Ztschi f klin Med, 1904, liv, 238, Blutunteisuchungra bei der 
Tuberkulose der Lungen und bei der Tuberkulinkur, Munchen med Wennsenr , 
1905, 111, 542, Die Lungenschwindsucht auf Grundlage klinisclier und experimen- 
teller liEematologiseher Untersuchungen, Ztsehr f Tub, A”’ 

Eruideiung zu Hiller’s Beitrage zur Morphologie der neutrophilen Leukozyten 
und ihrer klinischen Bedeutung, Folia Hsematologica, 1905, 11 , 169 , u m i 
Blutuntersuchung ( Nachpi ufungen, einige weitere Beitrage ) , Erwi 
Flesch und Schossberger, Deutsch Arch f klin Med , 1906, Ixxxvii, - ’ , 
Polhtzer’s Anschauungen, uber die Kernbeschaffenheit ‘ 

zyten unter noimalen und pathologischen Veihaltnisse, Wien me ’ 

1907, Ivii, 430, Entgegnung zu H Pollitzer’s zu Arneth’s^ Verschiedu^ ^ 
Deutsch Arch f klin Med, 1908, xciv, 217, Zu H Pollitzers Beitrage zur M 
Phologie und Biologie, etc. Folia Hiematologica, 1908, vi, 210, 


Hsematologica, Supplement, 1907, 167, Entgegnung zu “1907 

Das neutrophile Blutbild bei Infektionskrankheiten, Ztsehr f ^ ® ’ 

Hiv, 170, Das Neutrophile Blutbild bei Js" 1 ® 

m Antwoit van T Bruersch, etc, Ztsehr f klin Med, 1 ^ 8 , Ivi, 192, Diagnose 
und Theiapie der Anaemien, Wurzburg, 1907, A Stuber Die 
Schwangerschaft, etc , und die Leukozytose der Neugeborenen, Arch f Gynako , 

1904, W, 145 ^ 

12 Ehihch Farbenanalytische Untersuchungen z Histologie u Klinik des 
Blutes, Berlin, 1891, A Hirschwald 
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formed into neutrophils Pappenheira/® Naegeli/ Weidenreieli^^ and the 
majoiity of observers now accept this theory 

The other theory, which is held by the Russian school under the leader- 
ship of tJskow, and which is also suppoited by Grawitz, holds that the 
neutiophil cells are frequently derived from the lymphocytes, and that 
the so-called transitionals often represent a stage between these two types 
of cells 

Practieall}' all authorities agree that the true Ijunphocytes do not act 
as phagocytes, although it has been demonstrated that they do in some 
way hinder the development of the bacterial mfection in the body 

In the development of the neutrophils, Arneth’s contention is that 
their progress from the myelocyte is marked by changes in the nucleus, 
it being first indented and bent and finally lobulated, the mononuclear 
forms, therefore, representing the younger and the mnltimononuclear 
forms the older type of cells The gianules also are more numerous in the 
oldei cells In the youngei cells the granules are apt to be first baso- 
philic and later oxj^philic The origin and significance of the eosinophils 
have been carefully studied b}^ Brown, but accurate scientific Imowledge of 
them IS still lacking 

AKNETH^S BLOOD-PICTUEE 


In developing his theory of the changes of the nucleus during the 
giowth of the neutrophil, Arneth has divided the neutrophils into various 
classes accoiding to the number and shape of the nuclear segments This 
he tabulates into a very involved blood-picture His contention, supported 
by numerous clinical observations is that in various diseases the differ- 
ential count of the neutrophils, according to his scheme, Yerj often shows 
an abnormal predominance of the j'^ounger forms of cells, which he calls 
a shifting to the left in his blood-picture, that this shifting is very charac- 
teristic and represents a definite reaction on the part of the organism to 
the infection, and that a studj’’ of these changes forms a valuable basis 
for the diffeientiation of diseases and knowledge of their clinical course 
and subsequent history 

Arneth’s work has attracted a good deal of attention and man]’’ reports 
based on his theory have appeared in the literature Hiller,^® in addition 
to finding Arneth’s method unreliable clinically because of the great 
variations m the normal, and because of the fact that the changes noted 
bore no relation to the severity of the disease, disagrees with the theorv of 
Arneth, contending that the neutrophils are derived from lymphocytes 
Pappenheim’^® successfully refutes his contentions PollitzeP® dissents 


13 Pappenheim Folia Hiematologica, 1905, 166, Atlas d menschliclie Blut- 

zellen, Jena, 1905, G Fischer 

14 'Weidenreich Arch f microsc Anat 1908, ixxii, -ua 

15 Hiller Folia Hsematologica, 1905, 85 „„„ t, t, f i-iin 

16 Pollitzer Wien nied Wchnschr 1906, Ivp 862, Deutsch -^rc i 
Med 1907, xcu, 1, Ztschr f Heilb , 1907, Section f Path Anat, vm, 239 
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very strongly from Arneth as to Ins theory of development of the nncleus, 
and also holds that the changes in the nucleus noted are due to artefacts 
caused by the method of staining 

Arneth’s reply to onr own investigations discredits Pollitzer’s conten- 
tions Busse^’’ objects on the ground that experiments showed that there 
was no variation of phagocytic power among the different classes of 
neutrophils according to the number of nuclear segments He conse- 
quently argues against Arneth^s conclusions that these variations in the 
nucleus denote variations in efficiency against infection. Arneth, in his 
reply, denies the importance of these observations 

Zangemeister and Ganz^® object to Arneth’s method of considering 
the neutrophils to the exclusion of the other forms of leukocytes and also 
to Arneth’s classification Their experiments with streptococci tend to 
show that the mononuclear neutrophils are the most important from the 
standpoint of prognosis, the polynuclear neutrophils and the eosinophils 
coming next in order 

Pleseh and Schossberger^® studied many diseases in children, and 
while agreeing to the fact that the shifting to the left did occur under 
various conditions, found that this shift had no relation to the clinical 
course of the disease Pollicek^° also found that in tuberculosis the blood- 
picture was of no value clinically either in diagnosis or prognosis Bour- 
moff and Brugsch^^ came to similar conclusions In this country Kagan^® 
and Solis Cohen and Stnckler*^ found Arneth’s method of no clinical 
value 

Many other observers, however, particularly recently, have corrobo- 
rated Arneth Among these are Bochenski,^^ Kownatskff® and Grafen- 
berg^o in sepsis, particularly in puerperal fever, KohP’’ and Kothe^® in 
appendicitis, Sonnenberg and Kothe^® in peritonitis, Bsser®® in intestinal 
diseases of children and Lewinson in several diseases, found Arneth’s 
method of value both in diagnosis and piognosis Many others have 
coi roberated Arneth’s methods in tuberculosis These will be noted more 
in detail later 
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BLOOD-PICTURE lE'DICES 

Many observeis, including ourselves, have found Aineth’s method very 
cunibeisome on account of the multiplicity of detail and on account of its 
consequent lack of definiteness, which impaiis its clinical value Various 
suggestions have been made b} which the variations in the nucleus of the 
neutiophils might be noted by a definite index For this purpose some 
use as an index simply the numbei of the neutrophils which aie mono- 
nuclear, claiming this as a sufficient measuie of the shifting to the left 
These obseiveis are Zangemeister and Ganz Kothe,-® Sonnenbeig and 
Kothe-” and Kohl Others, including Klebs,^^ Dluski and Eospedzi- 
liowskF- and Minor and Eingei,"" use the sum of Classes 1 and 3 of 
Arneth’s pictuie as an index 

Adolph Volf^^ advocates a total nuclear count of the neutrophils, 
counting the round segments as one and the bent oi loop foims as one 
and one-half, and m counting he notes onl}’- the number of these two t 3 ^pes 
of nuclei and totals them foi his nucleai counts Yon Bonsdorfi®'^ has a 
similar method somewhat modified Sabiazes®® has worked out a neutro- 
leukocjtic and neutro-nucleo-leukoc} tic quotient as an index BushneU 
and Treuholtz^^ use the sum of Classes 1 and 3 and one-half of Class 3 
as an index In our observations we have followed this suggestion as it 
seems to lose less of the value of Arneth’s original classification than do 
the others 


TECHNIC 

In our observations the specimens of blood aie usually, but not invari- 
ably, obtained in the afternoon from thiee to four hours after the inges- 
tion of food The other moie usual causes of physiological leukocidosis, 
such as exercise and cold baths, were avoided Also, no cases were studied 
after hemorrhage 

We emphasize, as have otheis, the importance of obtaining thin and 
even smears of the blood for differential count and of close approximation 
of the cover slips to the counting cnamber for enumeration 

After numerous experiments in various methods of fixing and stain- 
ing we found that fixing by drying in the air and passing the slide two 
or three times across the flame, and the use of Wright’s stain made up 
fresh produced the iiest results for the study of the nuclei Enough stain 
IS dropped on the slide to cover the smear, and the dish then covered for 
one minute It is most important to have fresh stain often, as Wright s 
stam does not keep well 


31 Klebs Am Jour Med Sc, 1906, c^n, 538 

32 Dluski and Eospedzihowski Beitr z kl™ d Tu^erk , 1909, xiv, 2 

33 Minor and Einger Am Jour Med Sc, 1911, ,qnR 

34 Adolpli-Wolff Die Kernzahl der Neutrophilen Heidelberg, 1906 

35 Von Bonsdorff Doha Hsematologica, 1910, ix 24Z 

36 Sabraz6s Arcli d mal d cceur, d Aaisseaiix et du san^, igm, m, 

37 Buslmell and Treiiboltz Med Eec, 1908, I’cxiii, 4/ 
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The slide is left for two oi three minutes with the stain, at the end 
of which time eight oi ten diops of tap water aie dropped on and the dish 
again coveied for one minute or until the metallic scum appeals, when 
the slide is washed by dipping into a glass of distilled watei and out 
quickly, when it is blotted and diied All counts should be made with the 
oil immersion lens 

One bundled neiitiophil cells were counted in each observation and the 
other forms of cells found duiing this count were noted, so that an aver- 
age of 140 to 150 leukocytes weie counted in each observation 

Many slides were studied by two or tliiee separate observers, and the 
similarity of the results in the Arneth counting satisfied us that it is an 
accurate clinical pioceduie 

In differentiating segments of the nuclei, superimposed segments were 
always counted separate^, as also were those connected by thread Those 
having a connecting isthmus, however, were counted as one segment 

EXPEREMENTAL WORK 

Many expeiiments were Caiiied out to aid in as complete an under- 
standing of the changes found in the white blood-cells as possible, espe- 
cially in relation to Arneth’s studies with the neutrophils 

These experiments can be summarized under the following headings 
1 Staining Experiments These weie undertaken to determine which 
stain would give the best nuclear picture, and at the same time to differ- 
entiate the different classes of leukocytes in the blood 

Smears were prepared in the usual manner except that the slides were 
clean and as sterile as possible and the blood was spread in a thin and 
even film The smears were killed in all the well-known cytological 
methods and each method of killing and fixing was stained by the three 
usual differential blood-stains, that is, Wrighffs differential, Tenner’s 
differential and the eosin and methyl blue method Many other slides 
were stained with iron hematoxylin, Ehrlich’s triacid stain, and with 
Goldsmith’s triple stain 

The results from these experiments showed that the best method for 
preparing the slides was to kill the blood-smear by simple drying and 
to fix and stain with Wright’s differential stain, which gave the best 
nuclear picture as well as differentiated the leukoc3des Tenner’s stam 
does not give a good nuclear stain and fades rapidly, so it was not us 
Eor the cjdological study of the nucleus, slides killed with hot corro 
sive sublimate and stained with iron hematoxjdin gave the bes pic u 
The usual method foi the study of the nucleus, i e , to kill with Flemming 
strong and stain with iron hematoxjdm did not give satisfactorj resu 
iv^ith the blood-smears 
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2 The Question of Artefacts These experiments were suggested bj 
PoIIitzer’s article/® in which an attempt is made to prove that the numbei 
of pieces of lobes found in the nucleus of the neutrophils is an artefact and 
has no connection with the state of the nucleus in the living neutrophil 

(a) Smears were prepared from the blood of three subjects, each of 
which showed an Arneth index slightly difierent from the other These 
smears were prepared in all the Imown cytological methods and numbered 
with a key so that at the time they were counted it was not known from 
which subject the slide had been prepared It was found that the smear 
from each subject gave practically the same index, even where the prepa- 
ration had been so poor as to be almost useless and that the difference 
betiveen the indices of the blood-pictures from the three subjects remained 
the same as in the smears prepared by Wright’s differential method 

(&) Smears were prepared in whieh an attempt was made to stretch 
and tear the nucleus in order to discover whether there were more or 
fewer number of lobes to the nucleus than was shown by Wright’s differ- 
ential method Slides were sciatehed with emeiy paper and then cleaned 
and the blood drawn slowly across the scratches so as to catch and tear 
the neutrophils 

Counts made from such preparations gave the same neutrophilic blood- 
picture as did the smeais prepared by the normal Wright’s differential 
method In some cases the neutrophil was stretched to several times its 
normal length, but in all such cases the nucleus stretched also and the 
number of lobes remained the same 

These experiments demonstrate that the number of lobes of the 
nucleus is not an artifact due to any one stain, but is a definite state taken 
by the nucleus when killed, which must indicate some definite differences 
in the state of the nucleus of the different living neutrophils 

3 Isormal Blood-Picture in Man and in Guinea-Pigs (a.) Smears 

were prepared from over twenty different persons whose condition was, 
as far as Icnown, normal These different blood-pictures gave indices 
which varied slightly from each other and yet varied within a small range, 
which could be called normal This blood-picture corresponded very 
nearly with that of Arneth, which was taken from a large number of 
subjects '' 

(b) Smears were obtained from a few subjects at different times of 
day for a period of time extending over a week or several weeks and in 
two cases extending over a period of two years The results in these cases 
show indices which varj', but not definitely enough to be attributed to 
any one cause, and the amount of the index variation in each case was so 
slight as still to come within the limits of the normal blood-picture, except 
in the case of one of the subjects studied for a period of two j^ears, in 
which the blood-picture shifted decidedly, owing to appendicitis 
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These observations showed that the average normal blood-pictnre v as • 
1/5;, 11/36, III/36, IV/38, V/5 leukocytes, 9,000, index, 49 51, but 
that an} blood-picture with an index between 45 55 and 55 45 may be 
called normal unless one of the classes should be in some way most 
unusual 

(c) Ten guinea-pigs were studied for a period of over two weeks 
Smears were prepared from the blood of these animals every two hours 
during the day The result gave a picture comparable to that of the 
human blood, except that the number of the lobes of the nucleus of the 
neutrophil is greater in the guinea-pig than in man, and the index is 
therefore diSerent The normal guinea-pig neutrophilic blood-picture 
IS as follows 1/5, 11/30, 111/38, IV/30, V/6, VI/5 leukoc 3 des, 10,000, 
index, 42 58 

The blood-picture as shown by the guinea-pig varies more for the 
individual animal than it did for the individual person, so that in all 
expeiiments with guinea-pigs, the animals were kept for a week oi ten 
days and the normal blood-picture established for each animal before the 
experiment was begun, 

4 Effect on ISTeutrophilic Blood-Picture of Subcutaneous Inoculation 
of Viiulent Culture of Tubercle Bacilli' Guinea-pigs were inoculated 
subcutaneously with varying amounts of an emulsion of living tubercle 
bacilli in physiological salt solution The blood-picture in all cases was 
very much like the following, except that the number of days was neces- 
sary to reach the typical tuberculosis blood-picture varied with the amount 
used 

Table 2 — Blood-Picture of Guinea-Pig "VT, Inoculated Three Million 
Strong Eaiulsion of Tubercle Bacilli 
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13,400 

49 

51 

IS days after 

16 

38 

40 

6 





13,200 

74 

26 

21 days after 

23 

45 

32 






12,800 

84 

16 

25 days after 

24 

63 

23 






13,000 

87 

13 

"When the animal was 

killed the 

lunss and 

liver were found to be 

full 

of 

tubercles 













These experiments seem to show that while the first result of the 
inoculation of the tubercle bacilli is to increase the number of neutrophils 
■with the greater number of lobes in the nucleus, the prolonged effect of 
the bacilli is to use up the neutrophils which have the greater number of 
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lobes to the nucleus and leave only those Tvith the fewer number of lobes 
The individual vhose circulating blood contains an increased number of 
neutrophils wuth one or two lobes of the nucleus and a decreased number 
of neutrophils with four or five lobes is probably not m a state of 
resistance to the bacteria 


5 The Effect of the Inoculation of Yerj* Small Amounts of Emul- 
sion of Living Tubercle Bacilli . A number of guinea-pigs were inoculated 
with such a small amount of the bacilli that when failed after several 
months no trace of tuberculosis was found in the organs of the animal 
In these eases the blood-picture showed a verj' shght increase m the 
number of lobe- of the nucleus foUouing the moeulation Then the 
blood-picture either rapidly returned to normal and remamed normal or 
lemained with a slight increase m the number of lobes of the nucleus 

6 Blood on Agar with Tubercle Bacilli A drop of fresh flowing blood 
was placed on an agar plate and at one edge of the drop was placed a 
very small amount of tubercle bacilli The agar plate was kept m the 
incubator and smears made every five minutes from the side of the drop 
of the blood near the bacilli as well as from the side of the drop away 
from the bacilli The blood-picture showed an increase m the number 
of lobes of the nucleus of the neutrophils of the bloody which touched the 
bacilli, even after a period of five minutes, while the neutrophils of the 
blood awai from the bacilli remained normal 


Experiments in which washed leukocytes were used mstead of normal 
blood gave tlie same result 

7 . The Effect of Contamination (a) Blood was drawn from the end 
of a finger purpose!} made dirt} and slowly smeared on shdes which had 
been handled and were not clean In all cases such smears gave a neutro- 
phil blood-picture m which the number of the lobes of the nucleus had 
increased 

(&) Blood was drawn from a clean finger and placed m small glass 
chambers which were not sterile and which were left open to the air of 
the incubator. Smeais prepared from such blood after a period of five or 
ten minutes shoved a decided increa-e in the number of lobes of the 
nucleus Xeutrophils with as high as ten or twelve lobes to the nucleus 
were pre=ent while the blood from the same finger normally prepared or 
kept in sterile dishes m the incubator never contained neutrophils with a 


nucleus of more than five lobes 

(c) One of the gumea-pi-- inoculated with 2,000,000 weak emulsion 
of tubercle bacilli developed an open abscess at the point where the nee 
entered The smears prepared from the blood of t is anima 
following blood-picture, which shows an irregnlanty as we a„ an 
in the number of lobes of the nucleus of the neutrophi s 
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Table 3 — ^Blood-Pictebe of Geikea-Pig II, Which Developed Abscess 
Following the Ihocelatio:^ or Two jSIillioks of Tebebcle Bacilli 


Time with Eefeience 

I 

II 

ni 

IV 

V 

VI 

VII 

VIII 

Leuko- 

Index 

to Inoculation 









cytes, 



Before 

4 

21 

36 

30 

5 

44 



10,000 

43 

57 

At time of 

3 

21 

35 

30 

6 

5 



10 200 

41 

58 

3 hours after 

2 

16 

32 

30 

8 

6 

3 

3 

12,000 

34 

66 

12 hours aftei 

2 

14 

30 

20 

14 

10 

6 

4 

14 000 

31 

69 

24 houis after 

3 

20 

30 

18 

13 

7 

5 

4 

13,500 

38 

• 62 

48 hours after 

2 

21 

32 

26 

10 

6 

3 


14,000 

39 

61 

4 days after 

3 

14 

30 

26 

11 

10 

4 

2 

18,000 

32 

68 

8 days after 

1 

10 

33 

28 

13 

7 

5 

3 

16,000 

27 

72 

12 days after 


4 

24 

30 

15 

10 

10 

7 

15 000 

16 

84 

16 days after 

12 

24 

30 

20 

10 

4 



22,000 

51 

49 

18 days after 


6 

16 

32 

23 

13 

5 

5 

16,000 

14 

86 

20 days after 

4 

10 

18 

34 

19 

11 

4 


17,000 

23 

77 


Animal was killed — liver and lungs contained many tukercles 


8 The hTeHtTopliil Blood-Pietuie in Opsonic Index Work* Many of 
the slides studied weie obtained through the courtes}’ of Dr W H Park 
of the IsTew York Department of Health and others were prepared by us 
An emulsion of dead bacilli was used and the pipets were left in the 
incubator for fifteen minutes 

All such smears gave a blood-picture m which the number of the 
lobes of the nucleus of the neutrophil was greatly increased Heutrophils 
with six, eight, ten, twelve and in one case sixteen lobes to the nucleus 
were found, while almost no neutiophils with one, two or three lobes were 
present 

9 Effect of Inoculation with Snake Venom Inoculation of guinea- 
pigs subcutaneously with snake venom gave a neutrophilic blood-picture 
in which the number of the lobes of the nucleus was decidedly inci eased 
Many neutrophils contained nuclei of so many lobes that they had the 
appearance of rosettes The neutrophils of the bone-marrow showed the 
same change in quite as gieat an extent as did those of the circulating 
blood 

COXCLUSIOXS PROm EXPERIilEX'TS 

1 The neutiophil is an organism which reacts quickly and definitely 
to its environment and this reaction is indicated by the number of lobes 
of the nucleus 

2 The presence of neutrophils which have a nucleus of a greater 
number of lobes than normal indicates some reaction to a chanae in the 
enviionment such as the presence of a toxin or of bacilli 

3 The presence of neutrophils which have a nucleus of a less number 
of lobe^ than normal indicates either that the neutrophils are being used 
up and so only those in the younger stage are left in the circulating blood 
or that the neutiophils entering the blood fail to undergo the metabolic or 
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morphologic change which causes the increase in the number of lobes of 
the nucleus and so remain in the one or two lobe form 

4 The index shown b}^ the neutrophilic blood-picture shows the condi- 
tion of the neutrophils of the blood and in this way gives an insight into 
the condition of the subject 


PULirOXAIlY TUBERCULOSIS 

Oul obsei rations in pulmonaiy tuberculosis were made on seventy- 
eight cases with a total of 315 separate blood-counts The period of 
time covered by our studies was three j^eais, and this has made it possible 
to follow many cases of tuberculosis over a long period, which is ver} 
important in any effort to draw conclusions from observations made in 
regard to this disease 

We wish to emphasi7e stiongly the impoitanee of studjang the changes 
of the blood aecoiding to the clinical couise of the disease and not 
accoiding to the pathological conditions in the lungs, as has been done by 
the majontj' of observeis who have lepoited on the changes in the leuko- 
cjdes in tuberculosis, many of whom have followed the classification of 
Grawiiz 

We have classified our cases according to the stages of the National 
Association, and in addition to that, accordmg to the clinical prognosis 
at the time of the first observation, and have followed these cases into 
their subsequent historj’’, endeavoring to coordinate our blood findmgs 
with the clmical course 


THE NUMBER OF LEUKOCTTES 

The majority of authorities state that the leukocjdes are not changed 
in uncomplicated tuberculosis, but are mcreased when secondary infection 
occurs, resulting in caseating lesions or cavity formation, oi with exuda- 
tive inflammation or in some of the complications, such as hemorrhage 
and enteritis 


Kjer-Petersen® made a particularly careful study of the number of 
leulcocytes in tuberculosis He comes to the conclusion that the extent 
of the lesion has no relation to the number of leukocytes, that m men 
in earlv stages the number is normal if theie is no fever, and in 
stage cases with no fever moderately increased but very variable - 6, OUU 

to 15,000 

In febrile eases there is some increase in all stages, and particularly 
those of continuous fever, which he attributes to mixed infee ion 
cases of pure tuberculosis with continuous fever are very 
average low counts In women, as already stated, he oun i 
very variable 
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Stem and Brbmarm,^® Kjer-Petersen/ Applebaum^^ and Steffen*® 
think a sudden increase in leiikoc 3 rtes important evidence ol cavity forma- 
tion Bichard,^^ Bezan§oii, de Jong and de Serbonnes^^’ and Halbion^^ 
and Steffen^® emphasize the impoitance of following the clinical course 
regardless of the pathology’-, and found a tendency to leukocidosis with the 
exacerbations of the disease 

Claude and Zalvj’-'*® obtained similai lesults in guinea-pigs, the leuko- 
cytes in the controls being increased and in tieated animals less so IJllom 
and Craig^® state that a decrease in the number of leukocytes in advanced 
cases is unfavorable Arnetli also looks on a leukocjdosis as favoiable and 
states that a shifting to the left of his blood-picture is worse if the number 
of the leukocytes is low Craig^"^ disagrees with Stem and Erbmann®® m 
the significance of the increase of leukoc 3 des with cavity foimation They 
found oftenmo leukocjdosis in cases of cavity 

Our own results in the enumeration of the total numbei of leukocytes 
coincide closel} with those obtained by other obseivers, except that the 
average obtained in incipient cases and in the non-tuberculous cases is a 
little higher, 9,874 and 10,209 respectively Theie is a distinct mciease 
m the numbei of leukocytes with the progression of the disease This is 
giaphically shown in Chart 1 The striking difference between the non- 
tuberculous (10,209) and the moribund patients (26,300) corresponds 
witli the repoits of other obseivers of the fiequent marked leukocytosis 
in dymg patients The variations according to the stage, the clinical 
prognosis at the time of observation and the subsequent course of the 
disease show a distinct relationship between these factors and the number 
of leukocytes, which the chart shows better than description The fact 
that the figures shown for the prognosis correspond quite closely vith 
those for the subsequent historr^ would appear to make the enumeration 
of the leukocytes m tubeiculosis a procedure of more prognostic value 
than it IS usually considered 

Inasmuch as our cases have been followed in the ma^oiity of instances 
for more than two yeais since the blood-counts were made the data pre- 
sented as to the subsequent history lepresent accuiately the course of the 
disease 

38 Stem and Erbmann Deutsch Arch f klm Med , Ivi, 323 

39 Applehaum Berl klm Wchnsehr , 1902, 'vjq.ix, 7 

40 Stelfen Deutsch Aich f klm Med, 1910, xcviii, 355 

41 Richard Prov Med , 1908, xix, 205 

42 Bezangon, deJong and de Serbonnes Arch d in6d exp6i , 1910, xxu, 17 

43 Bezangon et de Serbonnes Bull et Mem Soc Med d hOp d Pans, Ser 
3, 1910, XXIX, 232 

44 Halbron Rev d la Tuberc , 1903, x, 319 

45 Claude and Zaky Rev d la Tuberc, 1902, ix, 117 

46 Ullom and Craig Am Jour Med Sc , 1905, cxxx, 386 

47 Craig Tr Nat Assn Prev Tub, 1907, in, 277 
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Table 4 —Blood Counts in Various Classes or Iuberculous A^D Xox 

Tubebculous Casis 



No 

No of 

Avei 


of 

Observ 

No 

Cases 


Leuk 

Xof tuberc 
Puluion tuberc 

9 

37 

10,209 

Incipient 

15 

50 54t 

9,874 

Advanced 

30 

91-114 

10,200 

Far adv 
Dynng from tu- 
bercul other 

20 

91-101 

13,218 

than pulmon ^ 
Prognosis 

4 

8-9 

20,300 

Good 

19 

02 79 

9,398 

Doubtful 

18 

77-87 

11,591 

Poor 

Subsequent hist 
of tuberculous 
patient 

29 

84-99 

12,480 

Improved 

17 

GO-74 

9,323 

Dis stationT 

3 

IS 

12,480 

Dis progres 

2G 

102-121 

13,897 


Pei 

Aver 

Per 

Pei 

Pei 

Per 

Cent 

Ai neth 

Cent 

Cent 

Cent 

Cent 

Neut 

Indices 

L L 

S L 

Eos 

Bas 

04 4 

54 

40 

17 5 

118 

58 

0 53 

72 4 

04 

36 

14 4 

90 

37 

0 52 

74 0 

07 

33 

15 2 

79 

24 

0 52 

77 9 

75 

25 

13 9 

62 

1 5 

0 44 

78 5 

CG 

34 

17 1 

4 1 

0 29 

0 

718 

00 

40 

14 8 

91 

37 

0 53 

78 0 

73 

27 

13 7 

58 

20 

0 32 

77 1 

72 

28 

13 4 

75 

10 

0 35 


71 

0 

00 

40 

14 9 

99 

3 

0 

0 56 

79 

1 

72 

28 

13 3 

50 

1 

6 

0 43 

77 

3 

74 

20 

14 5 

59 

1 

86 

0 43 


' Tuberculosis of kidne}', of bladder, of psoas muscle and acute miliai% 
T Two of these cases uoie fai adaanced chronic cases 
t Complete counts foi ever 3 ’^ point uere not inaanably made 


POLYNUCLEAR LEUKOCYTES 

Almost all observers have found that vhen cases of tubeiculosis 
showed a leukocjdosis, it was usnall}'- of a polynucleai foim and it is 
explained b}' the incidence of secondaiy infection Bxperimentalh, 
Achard and Lopei'*^ found that there was a piimaii increase in tlie poh- 
nucleais followed by an inciease in the mononuclears 

Claude and Zalq^° also found that the peicentage of pol^mucleais was 
much less in tieated animals with a tcndeiicj to localized lesions than m 
the contiol animals Bezangon, de Jong and de Seibonnes'*- considei a 
polynucleosis as significant of acute and active disease and of gieat value 
in both piognosis and treatment, stating that all actne tieatment such a'^ 
tuberculin, arsenic, supei alimentation, etc, is contra-indicated if poh- 
nucleosis is present They consider it a guide to the dosage of tuberculin 
similar to the opsonic index' Almost all obseiieis consider an ineiea=ed 
percentage of polynucleai an unfavorable sign 

In our own studies the percentage of neutrophils vanes fiom 64 4 pei 
cent in the non-tubeiculous to 78 5 pei cent in the moribund patienh, 
and in general the percentage is higher the more advanced the disease 
and the more unfavorable the prognosis and subsequent course All 
these percentages aie high in our observations, even the incipient ca^e^ 
showing a percentage of 72 4 per cent 

4S Achard and Loeper Compt rend d Soc d biol , 1900 In, 1066, 1 
Im, 219 
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The meiease m the more -unfavorable cases^ however^ is very maiked 
and would seem to corroborate the observations of others that the leuko- 
cytosis of tuberculosis is due to an increase in the polymorphonuclears 
A high percentage of neutrophils -would therefore seem from our observa- 
tions to indicate an unfavorable prognosis, and this would be the more 
probable were an actual leukocjtosis also present 

ARNETH^S BLOOD-PICTUEE 

As alread}’- stated, unfavorable clinical reports on the value of 
Arnethts blood-picture in tuberculosis have been made by Paulicek 
Bourmoff and Brugsch,^^ Solis Cohen and Stnclder”® and Kagan Many 
other observers, particularly those who have reported more recently, 
corroborate Arneth^s findmgs in this disease Among them may be 
mentioned Klebs,®^ Sabrazes,®® Dluski and Eospedishowski,®^ Pottenger,^® 
Yon Bonsdorf,®® Bushnell and Treulioltz,®’^ and Minor and Einger®® 

We have already described our method of making the Arneth count 
and the meaning of the indices recorded in the tables While we appre- 
ciate the fact that the use of these indices is a marked departure from 
Arneth’s own method, we have found from experience that they represent 
very accurately the mam contention, i e , the shifting to the left in the 
nuclear blood-pictures It has been impracticable to tabulate the details 
of these counts and for that reason only the indices appear and the actual 
peicentage of cells with their different number of nuclear segments is 
not represented 

We feel that this in no way detracts from the practical value of the 
results presented, and we are anxious to emphasize our appreciation of 
these indices, or similar ones, as a valuable addition to the information 
that may be obtained from the differential leukocyte count The more 
cumbersome tables of Arneth would never come into general use, but 
their chief clinical value is retained in the indices which, because of their 
definite numerical form, can easily be incorporated into the results of 
eveiy leukocyte count and probably will be, as soon as their value is more 
generally appreciated 

Our results are seen in Chart 1, the left-hand number of the mdex 
being employed in the chart 

Our average index for the non-tuberculous cases was 54 • 46, and this 
corresponds closelj^ with those obtained m a considerable number of obser- 
vations on normal individuals In all other cases it will be seen that the 
left-hand number is much larger, and this represents the number of cells 
with one and two nucleus segments, plus one-half of the number having 
three segments It is evident how clearly the shifting to the left is demon- 
strated in our observations 


49 Pottenger Jour Am Med Assn , 1909, lii, 1980 
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The degree of shifting also becomes more marked as the cases are more 
advanced until an average index of 75 25 is noted in the far advanced 
cases. Corresponding to this is the marked shiftmg noted in the cases 
with unfavorable prognosis and the subsequent clinical course 

The relatively slight sliiftmg m the four cases of moribund patients 
is surprising It is not to be expected from the progressive shift observed 
in cases with unfavorable course during the period of observation While 
it may be that there is a change in the nuclear blood-picture shortly before 
death, the number of cases of this sort which we have studied is so small 
that no definite deductions should be drawn from them 
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■— ""jaBgPgaPggP^BBSaSS^ BBBggBggBBPBa 

jg EggaggggagsgBBg magBggBBgBB 

gMggggBgggBggggaggBBg ggaBBBgBgg^gSS 

BipBBflBRflBBflBBBBBBBRBBBBBUBBBBBBBBflBMBflMBBnBB 
Bi^flBBBBBBflflBBBBflBRBBflflBBBBBRflBBBBHBBngflBBHBB 

IBBBBBBPBBBBBBBBgBBBBBBBBBMMV»BBHBB 

aflflBBBaiBBBBflBBBBBnBBBBBBBBBBBHflBnnH 

IBBBBigBBBBBBB!BiB!lfliiiiii!!!iSSSSSB9555 


~'"iBRBBBBBBBBBBRBBBRBgBBBBBBBBBB|BBBBBBBBHHnB 
■r«e3BBBBBBBflBBBBBBRRRglBBBBBflBBBBBBBflMBBnBnHn 
Ba^BRBRBBflBBBBBBflBBBBRBBBBBBBBBBBBBBBBBHBBBHH 
B;^.BBBB.BBBBBBBBBBBBgggiiggBBBBBBBBBBBBBBBBBBBBBBB 



From the general standpomt of diagnosis and prognosis, however we 
feel that in the study of the nuclear blood-picture, we have obtained infoi- 
mation which is of the greatest value in tuberculosis The changes note 
are more constant than axe any of the others in the blood and much more 
so than aie many of the usual clinical signs and sjanptoms 

In diagnosis the field of usefulness is limited because of the compara- 
tively slight shifting in early cases, and the fact that it may occur 
other conditions in which the general condition of the patient ® ° 
normal, our experience and that of others being that the shifting to 
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left IS simply a response to any deleterious influence in the body, especially 
the bacterial infections 

In prognosis, however, both at the time of ongmal exammation and 
during the course of the disease, the degree of shifting to the left is an 
exceedingly sensitive indication of the resisting powers of the mdividual 
and of the progress of the disease 

We have found that patients with very slight lesions but persistently 
presenting an unfavorable nuclear picture almost invariably do badly, and 
that, on the contrary, those with extensive lesions but fairly good nuclear 
picture show a marked tendency to resist the disease successfully. More- 
over, durmg the clmical observations of a case, its real progress in one 
direction or the other can usually be more accurately anticipated by the 
changes m the nuclear picture than by any other clmical means 

Even clinical apparent cures, as Arneth well claims, are msecure 
unless the nuclear picture has come nearly to approach the normal, and 
our experience has made us very reluctant to advise a return to work and 
less favorable surroundmgs m such cases, while such return may be 
allowed with considerable confidence when a healthy blood-picture is 
found 

aeisveth’s blood-pictuee as a guide to specieio teeatmext 

Arneth asserts that his blood-picture is of great value both as a guide 
to dosage in tuberculin and also as a test for the effect of the treatment 
He also considers it of value in deciding the question of the necessii^ for 
secondary courses of treatment with tuberculm UbP® has found it of 
value in a similar way Von Bonsdorf also used it as a guide for dosage, 
and notes a negative phase in the blood-picture after tuberculm similar 
to that of the opsonic index Arlomg and Genty*^^ have compared the 
blood taken with the agglutmatmg power of the serum and also with the 
results of treatment with Maragliano’s and Marmorek’s serums and find 
a general correspondence m the results Eover^^ also corroborates these 
results with Marmorek^s serum Kaufmann,'^^ on the contrary, found no 
relation between the effects of Marmorek’s serum or the clinical course 
and the changes m Arneth’s blood-picture 

In our own work we at first attempted to use Arneth’s blood-picture 
as a guide to tuberculm dosage, and for a while it seemed as though 
results were encouraging, but later experience has demonstrated to us that 
it IS of little or no value, and that the usual dmical guides are much more 
consistent and delicate than any changes we have found m the leukocytes 

50 Xlhl- Beitr z klin d Tuberk, 1906, vi, 249 

51 Arloing and Genty Jour d pbys et d path g&n , 1910, xii, 236 

52 Hover Beitr z EJin d Tuberk , 1906, v, 299 

53 Kaufmann Beitr z Klin d Tuberk , 1908, sa, 315 
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THE LYMPHOCYTES 

In a general ivay, the nia 3 onty of observers have noted a change in 
the lymphocytes inversely proportionate to the neutrophils In conse- 
quence, a diminishing number of l 3 Tpphocytes would be considered unfa- 
voiable and an increase coirespondmgly favorable Da Costa^® asserts 
that occasionally the leukocytosis of advanced disease is due to lympho- 
cytes Warthin'*^ also noted tins symptom in chrome cases, as does Cabot ® 
Ailomg and Gentj^,®" Diehard,^ Bezangon, de Jong and de Serbonnes,^= 
Halbron,^" Sabrazes,'‘« Steffen,'*" Ullom and Craig^" all consider that an 
increased percentage is favorable Steffen^" and Bezangon, de Jong and 
de Serbonnes^” lay especial stress on its favorable significance during 
peiiods of impiovement 

Experimental^, Achard and Loeper^® found that secondarily in 
guinea-pigs there u^as a l 3 mphoc 3 dosis following a polynucleosis Claude 
and Zaky^® found that in controls the l 3 mphocytes were dimmished and 
that in chronic cases and tieated patients the large mononuclear cells were 
mcreased 

Webb and Williams" lay stress on the increase of the large mononu- 
clears in improvmg cases and as an effect of altitude They think that 
the beneficial effects of altitude in tuberculosis may be attributable to 
this increase 

In our mvn results we have separated the l 3 mphoeytes into the large 
lymphocytes and the small lymphocytes with the following results 

THE LARGE LYMPHOCYTES 

The proportion of these cells which we have found in our counts is 
fairly constant in all stages and all degrees of progression of the disease 
Ho apparent relationship to the clinical data can be made out from the 
slight variations in percentages recorded in Table 1 and charted in 
Chart 2 It would seem therefore that no clinical importance is to be 
attached to these cells in tuberculosis 

THE SatALL lymphocytes 

In sharp contrast to the large l 3 mphoe 3 d;es a very definite and inter- 
esting relationship appears to exist between the small Ijmphocytes and 
the clinical manifestations This is apparent in Table 4 and is shown 
very graphically in Chart 2 With the greater extent of the lesion and 
the unfavorable progress of our cases there is a progressive diminu ion 
in the percentage of the small lymphocytes In the incipient cases, ose 
with good prognosis, those whose subsequent history show improvemen 
and in the non-tubereulous eases the percentage of the cells are found 
to be uniformly high, varying from 9 0 per cent to 11 8 pei cent On tiie 

54 Warthm Med News, 1896, l-cvin, 89 
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other hand, the more advanced and nnfavorable cases show percentages 
from 4 1 pel cent to 6 2 per cent 

The moderately advanced cases and those with donhtful prognosis 
standing midway between the other classes 7 5 per cent to 7 9 per cent 
It IS evident that in onr cases the increased percentage of the neutrophils 
in nnfavoiable cases has been largely at the expense of the percentages of 
the small lymphocytes 
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THE EOSIXrOPHILS 

A good deal of emphasis has been laid on the lole of the eosinophils 
in the circulating blood as a guide to the clinical condition of the cases 
of tuberculosis In general, in acute progiessive cases with secondary 
infection, the eosmophils have been observed to be diminished or absent 
and to reappear or increase during the periods of improvement or in early 
and favorable cases Such is the opmion expressed by Isaegeli,"^ Ewing,' 
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Swan/'' Holmes/" Arlomg and Genty/i Sabraz^s/" Cabot/ Da Costa/" 
Zappert," Galbraitb/® Applebaum, Eichard/^ Steffen^" and others 
Bezangon, de Jong and de Serbonnes'*® think that the presence of the 
eosinophils indicates good resisting power and note their increase in 
improving cases especially in chronic inactive cases in which they con- 
sider that the tubeicle bacillus lives in the body as a parasite 

Holbron^^ asserts that they aie diminished in advanced cases and 
absent in all cavity cases Heusser"" also consideis that the increase in 
eosinophils denotes an immunity to the tubercle bacillus 

Webb and Williams" noted a very slight deciease in advancing cases 
which, hovevei, was not distmct Ullom and Craig/" Solis Cohen and 
Strickler"" and Craig'^’’ found no relation between these cells and the 
clinical course of the disease Experimental!}^, Claude and Zaky^" and 
Achard and Deeper^® found that these cells were diminished in control 
cases, but reappeared subsequent!}’- if the animals lived, and m chronic 
cases they weie increased 

numerous authorities, mcluding Ewing,^ Cabot," Bischoff/" Eieder®^ 
and Bodlcin,"" note an increase in the eosinophils after the administration 
of tuberculin 

Our lesults coincide vith the majority of observers, and we have found 
that with the progression of the disease these cells become less and less 
numerous until they almost entirely disappear from the blood m the 
terminal stages 

Our results show 5 8 per cent in non-tuberculous cases and 3 7 per 
cent in the incipient cases and those with good prognosis This per- 
centage IS reduced to 1 5 pei cent in the far-advanced patients and 
0 29 per cent in the moribund patients Chart 2 shows this relationship 
very clearly 

THE BASOPHILS 

We have found no leference in literature as to the behavioi of the 
basophil leukocytes in tubeiculosis The small number of these cells 
found in the blood renders valueless conclusions drawn from the count 
of from only 100 to 200 cells The indications, however, are that they 
do not vary appreciably in the various phases of tuberculosis and that 
they have no clmical significance 


55 Swan Jour Am Med Assn, 1&04, xlii, 696, Swan and Karsner New 

York Med Jour, 1907, Ixxxv, 539 „„„ t a T\/r»a Aeon 

56 Holmes Med Kec, 1896, 1, 325, 1897, Ii, 369, Jour Am Med Assn, 

1897, XXIX, 828 ^ 

57 Zappert Ztsclir f klin Med , 1893, xxiu, 227 

58 Galbraith Brit Med Jour , 1903, i, 600 

59 Neusser -Wien klin -Wchnsctir , 1894, vii, 727 

60 Bischoff Inaug Dissert, Berlin, 1891 lonr T? r W 

61 Eieder Atlas der klinische Mikroskopie des Blutes, Leipsi^l907, B C 
Vogel, Beitr z Kenntniss d Leukocytosis, Leipsic, 1892 F C W vogei 

62 Bodkin Deutscli med Wchnschr , 1892, xViii, 321 
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COMPOSITE TUBERCULOSIS BLOOD-PICTURE 

In order easily to appreciate the clinical significance of onr findings, 
we have arianged them in the form of composite blood-pictuies for each 
of the more important features of the disease, in Table 5 


Table 5 — Blood Counts in Vabious Classes of Tuberculous and 

Non-Tubeeculous Cases 

1 NON-TUBEECULOUS CASES 
Nine cases — tliirty-seven counts 


Total Number N 

L L 

S L 

E 

B 

Index 

10,209 64 4 

17 5 

118 

58 

53 

54 

56 

11 

INCIPIENT TUBEBCULOSIS 




Fifteen cases — fifty-four counts 






Total Number N 

L L 

S L 

E 

B 

Index 

9,874 72 4 

14 4 

9 

37 

53 

64 

36 

HI 

ADVANCED TUBERCULOSIS 




Thirty cases — 114 counts 







Total Number N 

L L 

S L 

E 

B 

Index 

10,200 74 

15 2 

79 

24 

52 

67 

33 


IV FAB-ADVANCED TUBERCULOSIS 
Twenty cases — 101 counts 


Total Number N 

L L 

S L 

E 

B 

Index 

13,218 77 9 

13 9 

62 

1 5 

44 

75 

25 

V 

MORIBUND PATIENTS 




Foul cases — nine counts 







Total Numbei N 

L L 

S L 

E 

B 

Index 

26,300 78 5 

17 1 

4 1 

29 

0 

66 

34 

VI CASES WITH GOOD 

PROGNOSIS 



Nineteen cases — seventy-nine counts 





Total Number N 

L L 

S L 

E 

B 

Index 

9,398 71 8 

14 8 

9 1 

37 

53 

60 

40 


VII CASES WITH POOR PROGNOSIS 

Twenty-nine cases — ninety-nine counts 

Total Number N L L S L E B Index 

12,486 77 1 13 4 7 5 16 3 72 28 

vni OASES WHICH SHOWED SUBSEQUENT IUPKOVEJrENT 
Seventeen cases — seventy-four counts 

Total Number N L L S L E B Index 

9,323 71 6 14 9 9 9 3 0 56 60 40 

IX CASES WHICH SUBSEQUENTLY DID BADLY 
Twenty-Six cases — 121 counts 

Total Number N L L S L E B Index 

13,897 77 3 . 14 5 5 9 1 86 43 74 26 


PNEUMONIA 

A review of the literature concerning the behavior of the leukocytes 
duiing lobar pneumonia shows that the presence of leukocytosis m this 
disease has been recognized from the very beginning of blood examina- 
tions Cabot" states that the leukoc3^tosis when marked indicates good 
resistance on the part of the individual or a severe infection, and that a 
slight leukoc3*tosis or normal leukoc3de count indicates a poor resistance 
or a mild infection He considers the absence of leukoc3'tosis a vei3’’ bad 
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Sign but its piesence of no significance foi eithei good or bad In 842 
cases ninety showed no leukocytosis and of these eighty-three weie fatal 

Cabot^s ideas are similar to those expressed by Ewing, Eaegeli,^ 
Da Costa,"® Buchanan,®® and others Tuik® states that the leukocytosis 
bears no relation to the severity of the disease, and that if it continues 
after crisis it indicates delayed lesolution or some complication 

Kieder®" states that it has no i elation to the height of the fever Von 
Limbeck®^ states that the leukocytosis is in proportion to the lung involve- 
ment This contention has been disproved by numerous observers Von 
Jaksch®'" made a careful study, shoving the importance of leukocytosis 
from the standpoint of prognosis and advocated artificial means to 
produce leukocytosis such as drugs, local abscess formation, etc These 
ideas are now obsolete 

EXPERIMENTAL EVIDENCE 

Tschistovitsch (quoted by Von Limbeck®") experimented with guinea- 
pigs and found that an injection of highlj’’ virulent cultures of pneumo- 
coccus produced no leukocjdosis and the animals died 'W’eakei cultures 
produced leukocytosis and the animals recovered 

Eieder®" inoculated guinea-pigs intrapentoneally vith pneumonia sjiu- 
tum and obtained subnormal leukoejte count and subnormal temperature 
Williamson,®® by injections of pneumococcus cultures in guinea-pigs, 
obtained a leukocytosis of varying intensity followed by a diminution m 
the number of leukocytes He also noted no relation between leukocytosis 
and the course of the disease 


CLINICAL STUDY 

Our studies of the leukocytes in pneumonia have failed to reveal the 
definite clinical relationships that we found in tuberculosis 

Eorty cases were studied and on these 131 separate blood counts weie 
made Almost the entire number were cases of lobar pneumonia but a 
few of bronchopneumonia are included All of the observations weie in 
adults 

In attempting to trace the connections between the blood counts and 
the clinical findings, we have analj'^zed the cases according to the extent 
of involvement, the clinical seventi^ of the infection, the method of defer- 
vescence, the duration, the final results and the complications 

Our result^ in their relation to all of these factors are tabulated in 
Table 6 


63 Buchanan The Blood in 

64 Von Limbeck Grundriss 


Health and Disease, London, 1909, H Frowde 
einer klinischen Patliologie des Blutes Jena, 


1896, G Fischer 
65 Von Jaksch 


Ztschr f klin Med, 1893, xxiii, 187, Centralbl f khn 


Med , 1892, xiii, 81 
66 Williamson 
69 Ewing New 


Beitr z pathol Anat und Allg Path , 
York Med Jour , 1893, Iviii, 713 


1901, \xi\, 41 
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Table G — OnsEmATioNS in Lobar and Bronciiopneemonia 

DEEING THE ACETE ATTACK 

No No Aver Per Aver Pei Per Per Per Per 

of Observ No Cent Arneth Cent Cent Cent Cent Cent 

Cases Leuk Neut Indices L L S L Eos Bas ]\Iyelo 

Involvement 


One lobe 

24 

91-92 

17,058 

77 

67 

33 

16 8 

46 

1 2 

0 27 

0 11 

Two lobes 

16 

35-39 

18,012 

76 5 

66 

44 

17 6 

41 

1 5 

0 23 

0 04 

Seventy 

Mild 

11 

47-49 

17,634 

76 9 

66 

34 

16 5 

46 

1 6 

0 25 

0 09 

Moderate 

13 

45-46 

14,532 

72 9 

63 

37 

19 5 

53 

1 8 

0 42 

0 08 

Severe 

11 

28-29 

20,25b 

81 8 

62 

38 

15 

30 

0 08 

03 

0 07 

Defeivescenee 

Crisis 

21 

71-74 

16,355 

74 9 

64 

36 

17 6 

52 

19 

0 23 

0 14 

Lysis 

8 

30-32 

17,028 

77 5 

64 

36 

17 5 

36 

77 

0 48 

0 

Duration 

Up to SIX 
days me 

4 

10 

16,660 

72 1 

66 

34 

18 7 

78 

14 

0 

013 

Seven days 
and over 

18 

17-18 

16,912 

76 4 

65 

35 

17 4 

45 

12 

0 30 

0 

Result 

Cured 

12 

40 

16,265 

77 6 

63 

37 

16 5 

49 

0 89 

0 077 


Died 

10 

27 

21,040 

80 9 

60 

40 

15 6 

32 

012 

0 057 

018 

Delayed res- 
olution 

11 

46 50 

15,255 

73 3 

66 

34 

18 7 

49 

24 

0 53 

0 

Complications 

Empyema 

3 

10 

16,600 

85 6 

61 

39 

11 3 

30 

0 008 0 

0 

Pericarditis, 

etc 

6 

10-11 

17,960 

72 8 

66 

34 

22 5 

37 

0 66 

0 26 

0 


APTEB SEBSIDENCE OF ATTACK 

Resolution 

Good 11 20 12,930 73 0 59 41 19 2 6 2 14 010 0 

Delayed 6 20-22 12,995 64 4 64 36 23 3 7 3 3 93 0 77 0 25 


In addition^ the observations on the lenkocytes after the acute infec- 
tion was over have been studied in respect to the promptness of resolution 
in the lungs and these results are also included in the table 


TOTAL NUMBER OE LEUKOCYTES 

The usual leukoc 3 dosis expected in pneumonia was present m oui 
cases hut was not as maiked as is often seen The numbei of leukoc 3 tes 
vaiied from 15,000 to 20,000 in all classes of cases excepting in the senes 
of ten patients who died, in which the average of twent 3 ’'-seven counts 
was 21,040 This is noteworthy because these results disagree with the 
moie usual finding that a high leukoc 3 dosis indicates a good prognosis 
and a low one the reveise Our series is too small to enable us to 
diaw definite conclusions in this legard but the results are nevertheless 
suggestive 

The usual diminution in leukoc 3 tosis is noted after the deferveseeuce 
This is not so vei 3 " marked, the counts a\ei aging about 13 000 j\rost of 
these counts weie made in the fiist week after defervescence and indicate 
a gradual return toward the normal leukoe 3 te count 
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In order to ascertain -whether there -was m-uch variation in the leuko- 
cytosis of pneumonia in various years corresponding to the rather general 
opinion that there is a marked diffeience in the virulence in this disease 
at different times, -we have collected the records of the leukocyte count in 
lobar pneumonia for five years, 1904 to 1908 inclusive, of the First 
Medical Division of Bellevue Hospital Thus 514 cases are studied and 
the results are tabulated in Table 7 


Table 7 — ^Leukocite Counts in Lobab Pneumonia Dueing Acute Illness 


PATIENTS -WHO EECOVEBED 


Counts Between 

1904 

1905 1906 1907 

1908 


% 

% % ^0 

% 

0-10,000 

5 

15 

7 7 

13 

11,000-20,000 

41 

45 33 58 

52 

21,000 30,000 

30 

38 43 28 

20 

31,000 40,000 

22 

2 15 7 

13 

41,000 50,000 

2 

0 

2 0 

2 

Average Number 

of 




Leukocytes 

22,501 

18,375 22,865 19,243 

19,208 


PATIENTS 

! -WHO DIED 



0-10,000 

17 

10 25 16 

11 

11,000-20,000 

46 

53 47 51 

54 

21,000 30,000 

25 

25 18 25 

28 

31,000 40,000 

4 

12 1 

S 8 

7 

41,000 50,000 

8 

0 ! 

1 0 

0 

Average Number 

of 




Leuliocytes 

19,652 

19,938 18,216 18,024 

18,218 

Sotimabt : 

roE THE Fue Yeaes or 514 Cases 



Number 

Per Cent 


Eecoveied 

Died 

Recovered 

Died 

0-10,000 

26 

39 

10 

16 

11,000-20,000 

123 

123 

46 

50 

21,000 30,000 

85 

59 

31 

24 

31,000 40,000 

32 

19 

12 

8 

41,000-50,000 

3 

5 

1 

2 

Total 

269 

245 

100 

100 

Average Number 

of 




Leukocytes 

20,444 

18,827 




From this table it does not appear that there is any great variation m 
the various years, certainly none from which any valuable inference 

could be dra-wn 

These results also do not demonstrate any definite relationship between 
fatality and low leukocjde counts The average for the entire 514 cases 
showed 20,444 for the patients who recovered and 18,827 for those who 
died These eases are all uncomplicated and the counts of course were 

made by numerous observers 
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DIFFERENTIAL COUNT 

Cabot,® Ewmg/ Da Costa/® Turk/ Eieder®^ and otbeis all find that 
the leukocytosis of pneumonia is due to the increase of tbe neutropliils 
Turk, who has studied the differential count in pneumonia most thor- 
oughly, states that the neutrophils are increased m proportion to the 
leukocjdosis , that they fall with the crisis but not with a pseudocrisis, 
that the large mononuclear cells and transitionals vary with the neutro- 
phils, that the lymphocytes may be increased, normal, or diminished in 
number but that after a crisis they are usually mcreased, that eosinophils 
are absent or few durmg the fever but that their presence is favorable 
and that after a ciisis the}’’ are distinctly increased, their reappearance in 
the blood often being evidence of beginning resolution Myelocytes may 
appear if the infection is very acute 

Most authorities agree m general with Tuik’s observations Becker®" 
states that he has never found any eosinophils present in fatal cases 
Loeper®® states that if the percentage of neutrophils is over 90 per cent 
the case is almost mvariably fatal 

Our observations show that the neutrophils are invariably inci eased 
exceptmg after defervescence, that they vary from 72 to 77 per cent in 
all classes of cases excepting in the very severe infections in which they 
were 81 8 per cent In patients who died they were 80 9 per cent and 
in those who had empyema as a complication, 85 6 per cent 

It would appear therefore that an excessive increase in the percentage 
of neutrophils indicates a very seveie infection In the lymphocjtes our 
studies fail to reveal any clmical evidence of value The percentage of 
large lymphocytes vanes from 15 to 23 3 per cent and the small lympho- 
cytes from 3 to 7 3 per cent 

In the cases of severe infection the percentage of large l 3 Tnphoc 3 tes 
was comparative!}’’ low and higher in those with delayed lesolution after 
defervescence 

In the eosinophil cells the blood counts during the acute illness showed 
nothing of note, the percentage being normal throughout In six cases 
of delayed resolution, however, the average percentage of these cells in 
twen’fc}’^ coun’ts was 3 93 This moderate increase is in accord with the 
results of other observers in such ca'=es and appears to have some definite 
relationship to the condition m the lung 

The basophils and myelocytes were observed in very small numbers 
and are apparently of no clinical significance 

67 Becker Deutsch med Wchnsclir , 1900 xxn, 558 

68 Loeper Arch d med c^per 1899 "a, 724 
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THE ARHETH BLOOD-RICTUEE 

Yer}’- few studies of Arnetli^s blood-pictuie of pneumonia have been 
repoited Ainetli leports on sixteen cases and notes gieatei vsnations in 
his blood-picture between diffeient cases of pneumonia than in any othei 
infectious disease There is re^ilarly a mailced shifting to the left which 
may come immediately with the onset or may come on gradually and 
inciease to its highest point just befoie oi after crisis 

Complications, accoidmg to Aineth, bung out a new and incieased 
shifting to the left The blood-pictuie may return to the normal quickly, 
corresponding to a rapid resolution, oi may continue to get worse at the 
time of the crisis, even thougli the total leukocyte count may fall 

Cases defervescing bj'- ciisis aie moie apt to return to normal quickly 
and those by l 3 ^sls more slowly In dG]a 3 ^ed lesolution and chronic inter- 
stitial pneumonia, a shifting to the left with a normal oi diminished 
leukocyte count ma 3 ’’ persist foi montlis Arneth draws no clinical con- 
clusions of value from his own results 

The observations on oui cases show a moderate shifting to the left 
in the Arneth hlood-picture to be a constant factor in our cases of pneu- 
monia This shifting is less maiked than in the more advanced cases of 
tuberculosis and does not vary in any definite lelation to the clinical 
aspects of the cases studied, the index varying from 60 40 to 67 33 
Yery quickly after defeivescence the index tends to go back to the 
normal if good resolution is established The average index of all such 
cases studied was 59 41, but these counts were made usually within 

the two or three days after defervescence, and we have noted in some cases 
a return to absolute normal nearty coincident with the signs of complete 
resolution in the lungs 

In the SIX cases of delayed lesolution, however, the average index was 
64 33, showing the continuation of the shifting to the left in such cases 

after the fever had subsided, the whole picture in such cases being very 
similar to that of model ately advanced tuberculosis 

It IS to be noted that the least shifting to the left of any clinical gioup 
of cases was in the ten patients who died, the average index being 60 40 
An unusual aveiage index is noted in Table 3, under the group of 
sixteen cases with involvement of two lobes 

This average does not accurately repiesent the usual condition of 
affairs in such cases, but in this series is markedly modified by several 
observations on one case, which showed a veiy unusual blood-pictuie with 
a marked shifting to the right This patient died and autopsy showed a 
marked purulent bronchitis in addition to the unresolved pneumonia 
The index above noted, 60 40, foi the patient who died, is also 

influenced by this case, which cannot be considered at all repiesentative 
of the usual blood-picture found in pneumonia 
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This case is deserving of fnither consideiation as tending to corrobo- 
late our experimental observations, that in the presence of a purulent 
infection the shift ma}^ be to the right and the fragmentation of tire 
nucleus becomes veij'- marked in a considerable number of the neutropliils, 
even up to seven or eight segments 

In general, we have found the determination of Arneth^s blood-pictuie 
of piacticalty no clinical value in pneumonia 

The composite blood-picture of pneumonia from our results would be 

Total jtsTumbei N LLSL E B M Index 

17,058 77 16 8 4 6 12 0 27 011 67 33 

The only other composite blood-pictures worthy of separate note in 
0111 findings are 

AFTEB DEFERVrSCENCE WITH GOOD BESOLUTION 

Total Number N LLSL E B M Index 

12,930 73 19 2 6 2 14 01 00 59 41 

AETEB DEFEBVESCENCE WITH DELATED BESOLUTION 

Total Number NLLSLE B M Index 

12,995 64 4 23 3 7 3 3 93 0 77 0 25 64 36 

CONCLUSIONS 

Pulmonaiy Tiibei culosis 

1. The stud}'’ of the leukocytes gives valuable information in the prog- 
nosis and clinical course of pulmonary tuberculosis 

2 In diagnosis of incipient cases it is of no assistance but in differ- 
ential diagnosis of whether more acute pulmonary lesions are due to 
tuberculosis or some other infection it is sometimes helpful 

3 Arneth^s differential neutrophil count is important in tuberculosis 

4 In general, the following changes in the leukocytes occur in cases 
of pulmonary ’tuberculosis which are progressively doing badly or are 
in an exacerbation of the disease 

(а) A leukocytosis 

(б) An increased percentage of neutrophils 

(c) A diminished peicentage of small lymphocytes 

{d) A diminished percentage of eosinophils 

(c) A marked shiftmg to the left of Arneth’s blood-picture Con- 
versely, changes in the opposite direction in anv of the above factois are 
favorable 
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Pneumoma 

1 Leukoc 3 d;osis occurs as frequently in fatal cases as in those of 
recovery 

2 This leukocytosis is due to the increased number of neutrophils 

3 When this increase of neutrophils is excessive a very severe infec- 
tion IS indicated 

4 Arneth^s differential neutrophil count shows a constant shifting to 
the left in pneumonia, but it bears no relationship to the clmical course 
of the disease 
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Nepheii'is An Expeeimental and Criticae Study oe Its Nattoe, Cause and 
THE Principles of Its Relief By Martin H Fischer The 1911 Cartwright 
Prize Essay of the Association of the Alumni of the College of Physicians and 
Surgeons, Medical Department of Columbia University, New York First Edi- 
tion Cloth. Price, $2 50 Pp 201 New York John Wiley & Sons, 1912. 

After a careful reading of Fischer’s latest hook, the reviewer is forced to the 
unwelcome conclusion that its title page should proclaim it, not an experimental 
and critical study, but a speculative and uncritical study The autlioi’s previous 
publication on edema, while exhibiting the spirit of the special pleader, rather 
than the judicial and conservative student, nevertheless called attention to the 
role of the tissue colloids in the production of dropsy, and served notice that the 
physiochemical standpoint must not be neglected in the interpietation of patho- 
logical phenomena Now he proclaims in effect that there is no other standpoint 
Physical chemistry affords to the author the sole and sufficient explanation for all 
the phenomena of nephritis In his introductory paiagraph he writes 

To render our aigument clear, we will at once state our general 
conclusion 

All the changes that characterize nephritis are due to a common 
cause — ^the abnormal pioduction or accumulation of acid in the cells of 
the kidney To the action of this acid on the colloidal structures that 
make up the kidney are due the albuminuria, the specific morphological 
changes noted in the kidneys, the associated production of casts, the 
quantitative variations in the amount of urine secreted, the quantitative 
variations in the amounts of dissolved substances secreted, etc 

These phenomena — albuminuria, morphological changes, and distuibances of 
secretion — ^he discusses in successive chapters, and ends with a fourth chapter on 
the treatment of nephritis 

That a professor of physiology in the twentieth century should begin "an 
experimental study” by postulating his conclusions is somewhat startling, that 
he should complete a ciitical study without refeience to the bulk of the important 
literature of the disease is amazing Instead of a thorough discussion of the 
relation of his theory to the ideas of the best clinical students of nephritis, such 
as Senator, for instance, oi to tiie mass of accumulated observations on experi- 
mental nephritis, he contents himself wuth a criticism of conceptions now lield 
only by the least educated of physicians This is setting up a man of straw, 
only to knock it down again — to demonstrate one’s prowess His experiments are 
few and of the simplest kind, and yet upon them he bases a theoiy of the com- 
mon origin of the most imried and complex derangements of function and structure 
He himself, howevei, states plainly on the first page how little exacting he con- 
siders the lequirements of scientific demonstration 

Yet the persistence of the term nephritis, in spite of our daily efforts 
in medicine to become more precise, seems to be not without reason , it is 
the one term by wdiich we are enabled to express the fact that the albu- 
minuria, the anuria, etc, nearly always appear as associated phenomena 
But fiom such a constanev in association we are enabled to draw an 
important conclusion — they must all have a common cause 
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Certainly, wg are not enabled to draw any snoli conclusion, if we have the rudi- 
ments of a scientific education Constancy of association should indeed su«-<rest 
to the inquiring mind a common cause, but its demon«tiation demands rigorous 
evpeiiment and painstaking investigations into the possibility that unlike causes 
may yet produce like effects Dr Fischei might with profit study those postulates 
of Koch, through the fulfillment of uhich bacteiiology has made its demonstration 
of causes convincing and in the highest degree producti-v^e of piactical results 

As might be expected from such a beginning, the author proceeds with his 
argument on the basis that vheneiei the facts conflict vith his theory, so much 
the u orse foi the facts I v ill cite instances On page 53 he states that “Albu- 
minuiia is the constant accompaniment of sali-stai vaiion,’ complete or only of 
sodium chlorid No more complete salt-stariation experiments have ever been 
reported than those of Goodall and Joslin* They fed two men on an ash free 
diet for eleven and thirteen da^s, iespecti\cly Their urine was acid throughout, 
but ne\er contained the least albumin noi a single cast, though the NaCl output 
was reduced to its minimum 

On page 49 he caialieilv disposes of parox'^smal liemoglobinuria in a footnote, 
as another instance of acid effect, without the least reference to the elaborate 
demonstration of the hemolytic mechanism in these cases by Donath and Land- 
steiner In fact, Mej’cr and Emmerich* showed that iihile the red cells in these 
patients are less resistant to acids than normal led cells, they aie actually more 
resistant to the specific hemolj'sis of then blood 

On page 25 he speaks of “the umfoimty higher titration acidity of the urine 
in nephiitis" Throughout the chapter on albuminuiia, the acid argument is at 
its best, yet ho has not made the simplest verification of his theories by examining 
the urine of a series of nephnties Had he done so, he would have found that a 
number have albumin m a neutral or alkaline urine, and that alkali may be given 
sometimes wutli and sometimes without the least effect on a marked albuminuria. 


as is W'ell repoited by v Hoesslin’ in a really objective study of this question 
which the reviewei has corroborated peisonally 

On page 119 he says “Yet, other things being equal, the absolute amount of 
any dissolved substance secreted by the kidney must be the greater, the larger the 
absolute amount of w atei secreted by the kidney in any unit of time ” He seems 
never to have heard of the most important studies of kidney function which have 
appeared in 5 ears, those of Schlayer and Takavasu * They showed that the excre- 
tion of lactose, for instance, is wholly uninfluenced by the amount of water 


excreted The same seems to hold good foi Rountree’s sulphoplienolplithalein 
Not to multiply instances, one need only turn to his own self-contradictions 
On page 126 he cites the organic acids of fruits and sour wines as possible causes 
of nephritis, and on page 128 tells how successfully a diet rich in fruits and 
vegetables counteracts the tendency of the body to become acid 

It IS in the chapter devoted to the explanation of the morphological changes 
of nephritis, however, that facts are absolutely throivn to the winds This is 
natural, since the rigid and unimaginatiie data of anatomy are usually distaste 
ful to a speculative mind At the outset he remarks that, “If we will but free 
our minds from the eironeous conclusions to which the temptations of elaborate 
fixing and staining methods and high pow^ei microscopes have led us, it is an easy 
matter to see that all the morphological changes that occui in a kidney, the s^t 
of an acute or chronic nephritis, are fundamentally simple in character, and that 
they are easily brought into connection with the clinical manifestations of the 
disease ” One rubs his eyes at this and wonders whether he is leading Alice in 
Wonderland ” Of course, if one can discard all his knowledge of the histological 


1 Goodall and Joslin The Archives Ixt Mnn, 1908 i, 61o 

2 Meyer and Emmerich Deutsch Aich f klm , 1909, e , 

, S Von Hoesslin Deutsch Arch * ^lin Med , 1911, cv, i, 1 , 14^ 

4 Schlavei and TaLayasu Deutsch Arch f kiln Med , 1910, s , 
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complevity of the kidney in health and disease, it becomes delightfullj simple, 
so does life, if one discards all the acquisitions of civilization, but unless lie Ines 
uith aboriginal savages, he will be put in an insane asylum 

Somewhat further, on page 60, one feels that he is itnessing the performance 
of a scientific piestidigitateur, when the author closes a disingenuous discussion 
of chronic interstitial nephritis with the words “In thus getting the chionic 
interstitial foims of nephritis hack into a group with the frankly paienclnmatous 
foiins” How disingenuous his aigument is he leveals himself On page 59 one 
leads “In cluonic inteistitial nepluitis the ultimate pictuie is pioduced through 
a gradual but complete destiuction of one piece after another of the kidney 
parenchyma, with leplacement of the defect with connective tissue The poiUons 
of Jctclney involved in this localized destrueiion of kidney paicnehyma shou, all the 
signs characteristic of pai enchymatous nephiitis Foi the present it is 

sufficient to merely emphasize the fact that a chronic inteistitial nephutis is in 
essence also a pai enchymatous nephritis ” Turn to page 95 “Bo foi as 

water output is concerned, the patient with chiomc iniei stiiial nepluitis is simply 
not nephritic If a patient without these signs and symptoms dies, and on 

the autopsy table ave find the small kidneys that we diagnose anatom- 

ically as chronic interstitial nepluitis, then the paiencliyma cells of the kidnei 
— the only parts of the kidney that aie concerned with the physiological function 
— are also found looking noimal The small, led kidneys aie, except foi size, 
normal kidneys” Even if we should giant him that glomeiuli aie but ci cations 
of the histologist’s imagination and undeserving the recognition of a physiologi^^t 
what can one say to the statement that the tubular epithelium in a conti acted kid 
ney is normal’ Theie is only one chaiitable assumption — that the authoi nevci 
saw a section of one under the microscope I'et he wiites a book entitled 
“Nephritis ' ” 

One who can thus dispose of all anatomical obstacles natuially makes short 
shiift of the expel lences of the clinician, though with a chaiining hunioi and 
condescension he frequently speaks of “we clinicians ” All Widal’s ivork on salt 
retention in i elation to edema and the value of salt lestriction in the diet, so 
amply coiioboiated by many well conducted expeiiments, he dismisses uncere 
moniously The need foi adjustment of the watei intake in acute nepluitis to 
the ability of the kidncj to exciete it, which we lecognize since von Noorden’s 
studies, is dismissed with the statement that “the intake of watei should never be 
lestiicted” Does he conduct careful expeiiments on nephritic patients to jiistifi 
such ladical teaching? Not at all He ties labbits on a boaid so as to inteifeic 
Mith icspiiation, gets an albuminuiia, calls this nephritis, and tieats it success 
fully with salt' Finally, to make his assuiance doubly suie he savs “In order 
to satisf'^ myself as to whetliei sodium cliloiicl leally has am such 

specific action in the production of edema, I decided to test the mattei out in a 
wav that had not yet been done, and which was freei fiom objection than the 
expeiiments to deteimine this point that have been made on mammals” And then 
he desciibes expeiiments on frogs poisoned with uianium nitiate and hung in 
watei, to show that they developed edema moie than in salt solution He doe® 
lecite the histones of twelve patients tieated according to liis theoiios Instead of 
c.iiefulh lecorded hospital studies, thev read like the cures of the no-^triiin 
sendeis Six are cases of eclampsia or pregnanev nepluitis, vliich pm sued the 
usual couise aftei emptying the uterus One died from uiomia and is vrongh 
diagnosticated as generalized aiteiioscloiosis at IG ■\cais Ilie de=enption of the 
kidneys shows them to have been secondai% contracted kionev® Two ca®e= of 
scailatinal nepluitis and one subsequent to tonsillitis carrv no com iction of the 
lelation of treatment to leco^ery Cases 10 and 11 must be admitted a® highlv 
suggestive of benefit from the measures cmplo^ ed 

^The rcMevei is cominced that it is a public diitv to ®hov the e=®ontial fault® 
of ®uch a book as this because its superficiall\ ®cientific air inakc' it impo-e the 
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more easily on the practicing physician, who may at once adopt its recommenda- 
tions Experiments on edematous human beings aie far moie scientific than 
experiments on f i oga, when the elTects of therapeutic measui es for human nephritis 
are in question A hook which teaches tlie opposite is a vicious hook, which should 
be condemned bj^ physiologist and clinician alike Notwithstanding Dr Fischer’s 
physico chemical studies, nephiitis remains, not a problem, but a group of prob- 
lems to be solved b} the united efforts of woikeis along many possible lines of 
investigation. 
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A CLimCAL AND HISTOLOGICAL STUDY OF A CASE 
OF PAGET’S DISEASE OF THE BOXES WITH 
MULTIPLE SARCOMA FOEMATIOX 

0 C GEUJs^EE, MD, F A C SCEIMGEE, MD, ami L S FOSIEE MD 

MONIKI AT 

PAET I BY L S FOS'ITK 

Conijiletc leiDoits of bone clianges of a laiefymg natiiie, witli maikctl 
evidence of o\eigiovtli and defoiinity, conesponding e\acth vitli the 
classic desciiption of the disease knonn as osteitis defoiinans aie exceed- 
ingly laie 

The late Sii James Paget, in his giajihic, inasteih and oiiginal sIikL. 
was the fiist to isolate this type fioiii the gcneial gioiip of hone disease^, 
claiming foi it a clinical and a jiathological lecognition as a distinct, 
moihid piocess, and, in the Medico Chinn gical Tiaiisactwiis foi the leni 
1877, gave the histones of five cases Five )eais latei he had gatheied 
togethei twenty-thiee cases and outlined a cleai and concise clinical 
pictiiie, to which subsequent ohseiveis haxe made fev additions of 
impoitance 

“The disease is one beginning in ,ulv,\nced bfe, nsinlh aflecting mam bones 
most fieqiiently tlie long bones of the lower evtieniiti the claiicle and the lavilt 
of the skull The bones enlaige and soften and those earning n eight oi beiiing 
much musculai tiaction become unnatnially eiiived and misshapen 1 he di-erse 
IS slonly piogiessive and is attended nitli jiaiiis in the allected bones i aiding 
in seventy and usually desciibed as iheumatic oi nenialgic in chai ictei Hie 
gcneial appeaiaiiee, postnies uid nioveincnts of the jiaticnts aie alike tint 
these alone might often snllice foi diagnosis "ihe most ch ii actcmtic featnies 
aie the loss in height, indicated bv the low position of the hands tin* stooping 
with lonnd shouldeis the head held foi \\ aid with the chin laised iiid the che-t 
sunken towaids the pehis, the abdomen pendulous the enned lonei limb-' held 
ipait and nsiiallv Mith one adianccd in fioiit of the othei and both nith knees 
slightE bent the ankles oveihnng In the legs and the toe-' tinned out J he 
enlaiged ciaiiiiim, sqnaie looking and bossed imix idd distinctness to these chaiac- 
tciistics and thex aie completed in the slow and awkwaid giit of the patients 
(Paget ) 

Up lo the-piesent time tlieie i= no flioiotiglilt s.ilisfacion exjilami- 
tion of tlie condition necessaix to piodnce tlie lesion? oi osteitis defoimans 
The disease does not seem to he hereditnn oi except in i.iic ca=c‘= to 
11111 in families Geneial aiteiial scleiosi= is constanth ])iesent hut thi= 
IS piohibh an associated condition as one would expect to find arteiial 
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tliickeiiiiig’ at tlie tune of life at mIucIi tlii'! disease inamfests itself 
definite connection is tiaceablc between this disease and ^iphilis, tlioiio-h 
soino of the iccent Fiench obseneis^ because of iinpioieinent as the lesiilt 
of mixed tieatment have eonsideied tliat tlie disease is a manifestation 
of a paialnetic condition Gont^ ilienmatism and neive lesions ha\o been 
suggested as possible etiological factois but as yet nothing definite has 
been slioun as confiimaton evidence It seems to us that the lengthening 
vhich accompanies the boning and thickening of the affected bones^ noted 
bj Paget and (]uite inaiked in oui onn case, is a leiy suggestive fact, 
liken ISC the bulging of the skull The bowing, too, might nell be 
accounted foi as an active piocess as nell as, oi lathei than, a passne 
gning na^ to the n eight of the bod-\ smee the boning is alnais well 
niaiked in those bones nhieh aie fixed at both ends ht muscles and Ima- 
mentous attachments, e g, the clavicle, ladius and tibia, the aeconipaiiy- 
ing bone (fibula oi ulna) acting as the stiiiig to the bon 

An Intel esting fact noted bi Paget himself, and inoie lecenth hi 
latei niiteis is the intimate lelation between osteitis defoimans and the 
foimation of malignant tumois Of eight cases tiaced to the end, five 
died with cancel oi =aicoma “A lemaikable piopoitioii, suggesting 
caieful inquiii 

The impoitance of the piogiessne step-like changes in the bones fioin 
appaientl} simple piocess to one of difiuse malignancy, occuiiing as the> 
did in 0111 patient while undei obsei nation in the hospital, demands foi 
it the place it desen os in the medical liteiature on this subiect 

Befoie pioceeding with the history, ne wish to thank Di C P Maitm 
in whose seuice this case was kept undei obsei nation and under whose 
diiection the clinical investigations weie conducted 


CASK HISTORY 


D C Y male aged 50 goldsmith, boin iii IMonheal admitted to the 

Victoiia Hospital Xov 15 1010 complaining of “baiid;^ logs” fUid “iheumatism 
m the bones ” 

Familj histoit negative Fatliei and mothei died at an adtanced age fiom 
natural causes Thiee hiotheis and sisteis nine and veil (No bone disease in 
the family ) 

Past Uisioiy — Has alvats lived in Montical, maiiied thiiti aeais 
and children alive and nell Save foi chionic constipation and a “moist ec/enia’’ 
about the light ankle both of which he has had for seveial years, he has never had 
a day’s illness that he can remembei Habits legular (No leneieal histoiv ) 


Piesent 777«es9— This dates back siv aeais, nhen, fiom no assigned cause, 
he begun to be subject to aching pains in the leg-, moie paiticulaili in the Jett 
ind in the thighs The pain appeared deep seated m the bone, and, though not 
constant or very severe, seemed to bother him considei ably, espeeia j a ' 

ino- During the follon mg year the pain continued off and on and n as sometimes 
accompanied bi cramp-like pains in the calf muscles but a no 
enough to necessitate his leaving off nork oi seeking mecieji a ^tce e ‘ 
liiiuself vith local applications of liniment, and, except foi i leunia i i 


enjoj^ed peifeet health 
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Aftei about a Aeai he noticed lie was becoming “stiff ' Jus Jinil)- Jess i<r|Je 
and seniceable, and that Jus shins, especialh tlie left wcie liecoming nnssJiapori 
GiadualJy Ins legs began to bow and, as lie e\pies«cd IiiniseJf lie liccime sociookcd 
in the legs that bis faniilj’’ and fi lends fieqiientU joked him about Ins bimh 
legs and locking gait 

About one yeai ago he began to lia-ie smiilai acliing pains in tlie bones and 
muscles of the right forearm, and within a few months tlie radii began to liow 
similar to the leg bones About the came time he noticed his i ighl "collai bone 
becoming laiger and moie prominent 

Though the use of his light aim aggi abated the pain considciabh he kept 
at woik until twm months piioi to tins lepoit, when the pain evtended up the aim 
and into the shoulder joint and he had to gi\e up and go home since he hid done 
no woik 



Fig 1 — Front view' of patient showing the bowing of the legs and the ab-cnce 
of a mass on the claMcle 

Fig 2 — Side Mew' of patient, showing the maikcd tliickening of the tibn 

Foi the prcMOUs tliiee leais his head had been giadtialh increicmg in sj/e 
In binnig Ills hats he noticed that each time he had to get a larger ‘-i/e tlian 
befoie and wheieas preMOush he used to weai su'e his last liat w i‘- 7^i 
His height too diminished coiisiderabh and — though he could not ca^ definitoh — 
he thought he was fullv 2 oi 3 inches shoitei than hr foie 

Hiioughout his general health continued good He lo«t no wfight ind there 
ha\e been no mental sMiiptomc Appetite and digestion had been gooil 

rinjsical Exawination — Patient was a man of small -tatiire checiful iiid 
blight mentalh and appeared perfeeth well 

The c\ es ears throat and neck wcie noinial the the-t w is niirow ind h»iig 
expansion limited lungs appiientH normal i he t u dio% i-tul ir '\suni 
foi slight geneial irteinl thickcniii" w i~ noiniil Blood liliii uid cflliouiit 
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iioinial I he gastio intoslinal s^stom, save that the abdomen vas pendulous in 
ils lowei half, vas noimal 

llie nenous and genilo uiinaiv systems weie also noimal 

Loconiotoi and Integuinentoi v S\ stems Ihe gait ^\as peculiai and not unlike 
the still locking gait of a pacing hoise Ihe body Mlien in lepose Mas eonsid 
eiablt stooped (in tlie aecoinpaiiMiig photogiaph (Fig 1) he is stiaiglitened up 
to the fullest extent) and tlio iiKneiiicnt of the spine was stiff and limited The 
legs Mcie honed and the bones enlaiged and misshapen Ihe tibie especially 
the left Mcie niaikedlv enlaiged and felt loiigh and tiibeious in the middle 
thud Theie nas actual lengthening of the tibic iiith extiemc boning foiwaul 
so that the legs appealed to “oieihang'’ ihe ankles The fcnioia neie boned out 
n.iid and foinaid and felt lough and huge (no tendcincss oiei these bones, knee 
and ankle joints fiec) Full inoiement of the light aim, especialh abduction, 
lias slightli limited because of pain in the light shouldci joint Hie shaft, and 



Fig 3 — Micro photograph of section of tiimoi of radius pievious to amputa- 
tion of aim Low powei vien The specimen shows delicate bands of fibious 
tissue between wdiicli lie lines of polymoiphous cells The tissue is lathei loose 
in texture 


especially the head, of the humeius iias consideiably laigei than the left The 
light ladius shoM'ed maiked bowing and was slightly enlaiged, but felt smooth 
The light clavicle w^as enlaiged, bowed foinaid and appealed moie ciiculai than 
the left The ciamum was laige foi the si/e of the body and was especially pioiii 
inent oi bulging in the fiontal and occipital legioiis Theie was no sign of 
exostoses about the skull 


Suhsequent Event's —Patient felt about as usual until Dec 15, 1910, duiing 
wdueh time metabolism experiments were earned out and seiial skiagraphs taken, 
when he began to complain of constant pains in the light shouldei and foreaini 
The sho-ht fulness about th^ uppei uni and shoulciei dei eloped into a diffuse. 
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fnm swelling obliteiating the natuial landmaiks of the shouldei anil the iiiom 
inent of this 30 int became limited because of pain and fixation About the ''atm 
time a fusifoim spelling appealed in the middle of the light foieum chiefh ui 
1 elation to the ladiiis This swelling, unlike that about the ''lionidei f{>It soft 
elastic and was vciy tendei It seemed ceitani that a fiim saicomatun> giowth 
Avas developing in the ladius and head of the humeuis (A section wa^^ taken imm 
the tiinioi mass confiiniiiig the diagnosis) (Fig 3 ) Both swellings uhamul 
lapidlv and the pain became extieme, keeping him awake at night About 1 ui 
5, 1911, spontaneous but apjiaieiitlt incomplete fiactnie of tlic ladam OKinied 
Tn oidei to lelieve him fiom a useless and painful enciimbiance it w m tlnmglit 
best to lemove the aim Hie subscapulai amputation was done and tin aim 
togethei with thiee-fomths of the clavicle, weie lenioved Feb 22 1911 

He made a good leeoveiy fiom the opeiation and felt well and fiee fioiii pun 
The Atoiind healed quickly, but within thiee weeks lie de\ eloped in lapid -m 
cession thiee small heini''phencal nodules on the fiontal and paiietal bone-' and 
lastly behind the light e^m and on the stump of the claMcle About tbrn tune 



Fig t — Photogiaph showing the condition of the legs shoilh 1 m foie (he 
patient's death 

he began to show signs of ceiebiil iiiAolAement — left facial jiaiah ankk 
clonus, double Babinski and Opponheim icfiexes Fiom this time on he iM'gan to 
go down hill lapidh Stiength failed and emaciation became extieme low aid 
the end he deieloped an acute otitis media and foi the hist tiim* i in an iiiign 
lai tompeiatuie and complained of lioadachos He became deliiioiis md died 
MaA 15 1911 

An fAnonsAi i xphiinn xi 

Tcchiuc — Ihe patient was put on legulii diet dining the expennient toimmi 
iiig of a giAen AACight of shieddcd A\hcat biscuit milk soda brntnit butter tia 
and sugai foi bieakfast and foi dinnci in addition to the abo\e tiiickcn or ti-h 
and potatoes, foi suppei the bieakfast fare A\as icpcated (A duplic ite qiiiiititi 
of each foodstulT AAas set aside for aiialAsi" ) At the beginning gr x (9(>) of 
caimin a\ is gncii, and with the ippciiance of red '■tools all excreta w m ud 
Iccted At the end of the penod cumin gr x (Ot.) w is again guen and with tb. 
ippcii nice of the char ictcnstic stool the experiment cca-cd 
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Tlie c\penment began ^Mtli bicakfasl on Dec 5, 1910, and continued five 
da’is The a\ eight of the subject at the beginning Mas 100 pounds and at the 
end 99 pounds 


Jabic SironiNG airr Ri sur i oi j^fi lAroriSM K\plulmi at ia tiie' Author’s Case '' 



Niti ogen 

P.O 

CaO 

IMgO 

1 otal outgo 

Gm 

Gm 

Gm 

Gm 

Uiine 

4G 118% 

12 74335 

10 33025 

2 19932 

Feces 

3 G 




Total intake 

38 97304 

9 8578 

7 13027 

1 01920 

Av dailj intake 

7 794G 

1 9715 



Av daih outgo 

9 9137 

2 54807 



Av daih loss 

2 1491 

0 57717 

0 04119 

0 lie 

1 otal loss 



3 20598 

0 58012 

’’ 1 hanks aie due Di 

A A Biiieie, who 

was kind i 

Liiough to conduct the analy- 


ses in tins evpeiiment 



Fig 5 — Pliotogiapl) sIioMing the cAophtlnlmus and tlie mass ovei the clavicle, 
shoitly befoie death 

PART II BY FAC SCEIMGEB 
THE PATHOIOGICAL CHANGES IN THE RIGHT UPPER EXTREMITl 
Iheie neie tno tumois, one a smooth, slightlj inegulai mass situated at about 
the middle of the ladius, the othei an enlaigement of the head of the humerus 
Coiiesponding to these growths, abnoiiml movements of the bone gave evidence 
of spontaneous fiacture having occuiied Ihe limb w'as sawn through longitudi 
nally from end to end by means of a band saw in oidei to study the gross changes 
in the different paits of the limb 

Ulna Naked eye appeal aiices of the longitudinal sections of the bones — 
The ulna, bones of the iviist and hand shoived piactically no naked eye changes 
Ihioughout the shaft of the ulna theie was cleaily defined compact bone, and a 
ivide spaced netivork of cancellous bone at eithei evtiemiti, with a well developed 
fat containing (medullary) canty The small bones of the caipiis, metacaipus 

and phalanges appeared to be noimal 

Scapula The scapula showed no obvious change 

Clavicle The clavicle showed a unifoim ivoiy like cut suiface, with com 
plete absence of differentiation between compact bone, spongy bone oi medulla 
The cut surface was of a gray coloi 
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Huiiienis TJje Jengtli of tlie Inimeius 'jvas not iiici eased, but theie was a 
sliglit anteiioi bownig Tlieie Avas a thickening in the micklle poition of the 
sliaft at about the level of the inseition of the deltoid At the level of the siu- 
gical neck, 7 5 cm belmv the highest point of the aiticulai caitilage, tlieie A\as 
an niegnlailv tiansvei^e spontaneous fiactuie A laige solid mass of nen gionth 
measunng 9 5 cm in its gieatest tiansi’-eise diainetei, and 9 cm in its gieatest 
longitudinal diametei, suiiounded the head of the bone above this point It was 
intimately blended Avith the head of the bone so that the outline of the shaft and 
tubeiosities ivas lost in that of the tunioi The outei poitioiis of the giowth «eie 
film 111 consistence and contained no calcaieons deposit, but the cential poitions 
weie calcifying A siniilai change appealed towaid the head of the bone, which 
had the oidinaiy consistence of bone Iheie iveie softened aieas in the cential 
paits of the head, but the poitions close to the aiticulai suiface weie of i\oia- 
like consistence and coloi Belmv the line of fiactuie the nhole shaft had become 
alteied in appeal aiice It was a little thickened, measiiiing 3 cm at its widest 
diainetei Iheie U'as an entiie loss of diffeientiation betncen compact and spongy 
bone, owing to iiuifoiin leplacenieiit (except foi a naiiow channel lepiesenting 
the inedullaiy space) by bone of a diffeieiit chaiactei, haiang a latliei coaisely 
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Fig 6 — ^Lon powei view of ladius showing the poioiis chaiactei of the bone 
and the leiilacement of niaiiow by fibions tissue 


giaiinlai siiiface and a giavish coloi Ihe niaiiow caiuty nieasiiicd oiil'^ 25 to 5 
cm in width but nas not piesent along tlie whole length of the bone 

Radius Oceup’^ing the middle of the shaft of the ladiiis was a laige vell- 
dcfined tunioi G b"^ 4 5 cm , sepaiatcd fiom the shaft of the bone by tAAO lines of 
fiactuie, 4 cm apait Enclosed in its ceiitei ivas a poition of paitialh^ destioied 
shaft Hie inedullaiy canal ivas gieatly i educed and was paitly filled in bi a 
soft gioiith of saicomatous appeaiance which iias continuous nith the iiiain 
mass Ihe tuinoi tissue was soft and elastic, the lemnant of the shift of the 
ladius within the centei of the tunioi being the oiiR calcified jmition in tlie mass 
Above and beloii the tunioi, the iihole bone piesented the same appeal ance as has 
been desciibed foi the non tiimoi poitions of the hunieius iiameh absence of 
difleientiation, i eduction of nan on caviti leplneenient of both bi iiei\ bone of 
non like chaiactei 

tlici oscopicol Chai aciei s — TJppei end of ulna ihe compact bone nas logii- 
lai and shoved veil maiked Havcisian systems Ion aids the peiiosteum bone 
cells neie seanti and the bone nas dense in stiiictuie nbile passing innaids 
tlie bone cells neic moie numeioiis and in the cancellous poition the bone trabccu- 
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Iffl ^^elc sleiulei fai apait and eo\e)ed In a singlo low of osteoblastic cells The 
inteitiabeculai spaces neie laige, iiicgulai and filled b} a delicate fatty aieolai 
tissue containing oiih a niininial ainomit of noiinal bone man on cells Laige 
capillaiiGs neic seen Hieie neie no giant cells and no evidence of bone destine 
tion 01 unusual osteoblastic actnitj 

Caipus I\Ictacaipus and Scapula llic caipal and inetaeaipal bones and 
poitions of the se.ipul i piesentcd a sinnlai appeal ance, the bone tiabecula; being 
tliin and the intoiti ibeeulai spaces laige 1 be lattci contained only fat Some 
of the capillaiies showed tliickeniiig of the adniititia Osteoclasts iveie few in 
number Ihe condition was one of slight osteopoiosis 



Pig 7— Section from i minis ncai tile tuiiioi slioiviilg tile 
bone, man, of tlie cells being sefiaiated fioni one anotlie, bv ciieuinfeient 
deposit of bonA substance High pow'ci view' 

Radius Ihe peiiosteum was 

beneath it was spongA the outeimos ra ® i educed to the thickness of 

long axis of the bone The compact laye c side, the 

one tiahecula This laAei ‘i and foimed the framework of the 

trabecula? weie quite iiicgularly ariange ‘ ^ ^^j^Hei but moie mmiei- 

newly dcAcloped bonA laACis The latter m outline and densitA 

ous than those of noimal hone, and Avere > „ “eaiance from the pitting bv 

The individual tiahecula? piesented a "''o™ ^^s fibrous and lathei poor m 

osteoclasts (Fig 6) ^le 5,,,ped cellulai elements weie more 

cells, though tow aid the peiipheiy spindle shaped 
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mimeious Bone manow ti<^sue was absent, except foi a naiiott stiatura in the 
cential poition of the bone Multmiicleai giant cells occimed in vaiymg niiinbei 
Ibey weie always closelj applied to the bony fianieM-oik and lay m pits theieon 
sometimes in gioups It was in such places that the niegulaiitj of the born 
tiabeculic nas leiy evident The spaces lemaining between them neie fiequeiith 
no laigei than the bulk of a giant cell In some poitions of the tissue the con 
uective tissue consisted of conspicuous numbeis of fuchsinoplul flbeis vSuiiound 
mg the laigei tiabeculie theie weie usually single files of osteoclasts, cells uith a 
model ate amount of cytoplasm, deeply staining nucleus and tending to elongate 
at then fiee suiface into the fuchsinoplul fibiillaj alieady lefeiied to 

Radius Above Tuinoi This tissue showed many of the chaiacteis of the 
pieceding, but iieaiei to the tiuiioi itself, the inteitiabeculai spaces ueie full 
of niegulai patches of osteoid substance and the edges of the oiiginal tiabecula 
weie deeply and widely scalloped, indicative of active destiuction Ihe^ weie 
leplaced heie and thcie by iiiegulai plates of young bone The tiabecukc weie 
massive 



Fig 8 — Tissue fiom the head of the humeius, magnified 200 diameteis, show- 
ing the oiiginal tiabeculos of bones as thick bands ividely sepaiated fiom one 
anothei The inteivening tissue is occupied by a fine iriegular netwoik of new 
osteoid tissue 

Shaft of Humeius Well Awai fiom the liimoi Theiein Ihe stiuctuie was 
similar to that in the ladiiis aw'a"^ fiom the tumoi The medullaii canal showed 
a few lelics of maiiow'^ tissue The bone stiuctuie presented iiiegulai spaces con- 
taining fibious tissue thiough wdiich lan many distended blood lessels enclosed 
in a spindle celled tissue A few^ lelies of fatW tissue occuiied heie and theie 
within these inteitiabeculai spaces Passing up tow aids the tumoi the cellulai 
tissue became moie dense and abundant and white fibious tissue ippeaied in 
incieasiiig amount VaiMiig quantities of In aline matter could also be seen to be 
lepHced, fuithei awa'v b^ a dense In aline matrix in which lai the indnidual 
cells The stiuctuie heie lecalled that of a honeicomb and was leri chaiacter- 
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THE UlGUnnE OV lETEREAL MEEIGIEB 

ist]C (Fig 7) 'I he appeal ancc of calcification and ossification in the tiaheculai 
notiioilv lesulted in the foiniation of e\tieniel\ fine meshed bony niateiial, which 
lay Mithiii the nidoned iiiteitiabcciilai spaces of the oiigiml hone tiaheciila; (Fi<r 
S) 'Jhe lattei weie thickened licie and Iheie, though as a iiilc they neie becom- 
ing attenuated fioin absoiption Ihe stability of the bone, otheiwise eiidangeied 
by this piocess, was niaintained b\ the ossification of these new deposits Wheie 
the tissue was seen in longitudinal section the appeaiance was slightly diffeient, 
owing to the fact that the stiands of osteoid tissue nn in long sleiidei lines 
which iiitci laced oiih at long intenals (Fig 0) 'I hen w illed blood vessels weie 
seen passing tlnough the tissue in abundance 

'I'he Iniiioi 111 the nunieius 'Jhis showed a ^el^ chaiactei istic appeaiance, 
and though detailed desciiption might be enliiged on the essential featiiie of 
the tissue was its close loseinhlaiiee to that of main aiiothei ossifying sarcoma 
'Jheie weie hcie no lelics whateioi of the onginal bone ’Jheic weit /ones ot 



Fig 9 — Longitudinal section of tissue m hunieius showing the long delicate 
spicules of new bone tailing off into a loose spindle celled tissue which has saico 
niatous chaiacteis Magnified 200 dianieteis 

intense vasculaiity alternating with zones of closely packed cells of the typical 
shoit spindle oi oat shape, and alternating also with /ones in which but few^ cells 
weie piesent at all Such legions as the lattei showed a mucinous looking mate 
iial wuth delicate stellate cells like those seen in inveitebiate caitilage Some of 
these cellular districts showed no inteieellulai In aline substance, otheis piesented 
the tvpical honeycombed appeaiance and otheis show^ed a dense anastomosing ne 
w oik of hyaline matter in which weie a few' cells Theie was heie distinct lesem 
blance to the abnoimal closely meshed leticulation of osteoid tissue formed by 
osteosai comas 

The different parts of the Irimeius about the tunioi show' similai featuies 
though varying considerably in the iiumbei oi cells which aie piesent and in 
the Telative numbei of osteoid tiabecul® 
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Passing away fiom the tumoi the chaiacteiistic iiiteilacmg of osteoid ti.ibec 
ula) with 1101 mal tiaheeulie is seen, the new bone blending with tlie old and the new 
tiabeculflp lesting on the old like distoited columns on a base Ibis aiiangeinent 
IS also a common finding at the edge of an osteosaicoma 

Fuithei aw'ay again the tissue acqinies the loose appeaiance (Figs 10 and 11) 
wdiich Avas desciibed in the case of the ulna Some foci in the head of the humeius 
show" advancing tumoi ivith veiy little inteistitial deposit so that the stioma lias 
a gelatinous appeaiance 

Clavicle The claiuele show's veiy iiiegulai bone foimation with numcious 
giant cells and a loose inteitiaheculai tissue wdiieh is evactly identical ivith that 
seen in the low'ei end of the radius This is a condition of osteoscleiosis of slight 
degiee leplacing osteopoiosis, but in some sections of this bone theie is dcielop 
iiieiit of spindle celled tissue wdiich is exactly like the saicomatoiis aieas of the 
othei hones, minus ossification 



Fig 10' — Section Horn shaft of humerus w'cll away fiom tumoi showing tlic 
wide sepal ation of the oiiginal bony tiabeculie and their lounded contoiii , the 
iiitei mediate tissue is loosely fibrous The appeaiance heie is I'eiy like that o 
osteomalacic bone Magnified 200 diameteis 

Suminaiizing the appeal ances, it is evident that the scleiosis of the bone in 
the densest aieas is entiiely due to the ossification of the spin e ce e issue 
which has aiisen in place of the oiiginal mairow of the bones, and in this lespcct 
cause the specimen to have characteis which aie complete a in aiice aai i 

those of pi unary osteosai comas of local oi limited distiibu ion le essence o 
the piesent case consists in the generali/ation thiougliout le loiies o os co 
poiotic and osteoscleiotic changes 

PART III BY 0 C GRUXER 

ABRIDGED AUTOrSt REPORT 

The chief external findings Aveie maiked emaciation nodules on the skull and 
nil, Cl end of nght claAicle and bone defoiniities as mentioned in the clinu ,1 
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TUn UWHn ES of jxtef^al mudtcike 


lepoit The mass m tlie chnicle continuous uith a tumoi occupMnw the 
ipe\ of the light lung Ihe skullcap \\as non like on section and the tumoi 
seen exteiiialh communicated h^ slendei pedicles ^Mth flattened masses on the 
innei suiface of the skull linv chalk^ -white masses followed the line of the 
longitudinal sinus J he tip of the light fiontal lobe was intiiuatelj connected 
with a huge mass of tumoi (about the si/e of that at the end of the cla-^ide) 
which passed thiough into the light oihit, ein eloping the evehall, coming to the 
suiface as a nodule under the nppei lid close to the eiehiow, half wav 'between 
the two canthi Ihe pituitaii gland A\as acia small and lested on only a shell 
of bone sejiaiating it fiom a huge sphenoidal sinus 
The hi am itself Aias noimal 



Fig 11— Section fiom shaft of humeius still fuither aivay from the tumoi 
than Fig 10 This sIioaas the eiosion of the oiiginal tiabeciiliB by numeious 
osteoclasts Magnified 700 diameteis 

In tbe cbest, the pleuial sui faces Aieie found to be occupied by disci ete 
nodules of tumoi, aiound the edges of which Aveie loose adhesions Wheie adhe 
sions did not occui, pools of fluid had collected between tbe two layeis of the 
pleuia The lung substance A\as riddled Aiitli small tumors, Avliicb Amried in size 
fiom a pin’s head to 2 5 cm in diametei , some of them Aiere pink in eoloi and 
some weie chalky white The apex of the lung was shrunken and liaid, owung to 
the piesence of a mass of new- growth measuiiiig 5 bj 4 cm , continuous with that 
in the head of tbe claAicle Tbe cut suiface of the tumoi nodules was giay-, finely 
mottled AAitli injected blood A-essels The an passages Ai-eie normal 
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The heart showed some deposits of fatty atheroma rii the valves The tli^ioid 
was small The abdomriral viscera presented no feature of special rnteiest, sare 
that the adrenals were small 


iriSTOLOGLCAL STUDY 

Boire-Mairow A differential count made from the smears of the bone-maiiow 
of the sternum yielded the folloM'ing results Large lymphocytes 9 2 per cent , 
small tymplioid cells 2 7, lymphoidocytes 83 3, neuti-ophil nryelocjtes 3 3, eosin 
ophil myelocytes 1 5 irei cent 

lunioi of Skull (Evteiiral) The central parts of the tissue neie veij hraliiie 
and the relics of delicate spindle cells which occur red were uidelj^ separated b-\ 
the dead mateiial Toward the edge, within the u ell-defined fibious envelope, 
were better preserved cells, amongst wliieli were plasma and mast cells (Fig 12) 
The tissue resembled that nr the lung nodules save for the greater degree of 
necrotic change 

Tumor of Skull (Internal) Tins was very sinnlai to the orbital tunroi 

Orbital Tumor The orbital tumor consisted of evceediiigly well formed bun 
dies of spindle cells whose nuclei stained deeply, were elongated, oval nr shape 
and had an oxyphil cytoplasm They tended to form wavj' bundles Occ.isronal 



Fig 12— Section from the tumor in the skull Magnified 400 diameters This 
specimen shows the individual cells separated widely from each other, and a 
delicate deposit of new bone appearing around each 

areas occurred in which there W'as only dead mateiial The edges of srieli areas 
ueie drawn out into filamentous bands which inteiw'ove with the long delicate 
bodies of the living saicoiiia cells In othei areas the inter ccllulai substance 
tended to accumulate around individual tumor ceils as if preparing to pass over 
into osteoid tissue 

Thyroid There was marked ineiease of the fibrous tissue with separation of 
the glandular acini , 

Lungs The nodules were similar in stiuctuie to the tumor s ah eadv dcsciibcc 
Othei wise theie was no feature of special interest 

The other viscera sliow'ed no micioscopic changes woithv o specia no e 

PiVKT IV BY 0 C GRUYEB AXD FAC SCRIMGLR 
A levietv of the liteiatine on the subject of osteitis defoiiiiaiis 1= not 
called foi m iiew of the fiequenc^ vith iihich diffeient aiithoi= ha\e 
tmdei taken the same Highee and Ellis estimate tliat theie liave been 
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GoA 

158 cases lepoited to Jannai}, 1911 Most of these reports aie purely 
clmical and caieful desciiption of the changes taking place in the hones 
IS seldom available Theie aie only fourteen cases in this series in 
uhich there has been an associated tumor growth These cases all 
occiiiied befoie 1902 The ivriteis conclude that theie is no close relation 
betueen the changes found in osteitis defoiinans and the development of 
malignant disease This view seems incoiiect in the light of the present 
case, a': uill be piesentl} shown 

Paget desciibed and figuied the disappearance of the compact bone 
the encioachment on the medullaiy canal In the relatively dense new bone, 
the small iiiegulai tiabeculoe suiiounded by osteoblasts, the fibioiis con- 
nective tissue filling the inteitiabeeiilai spaces, and, finally, the tumor 
which he called a ‘‘cancel’ which ivas a tjpical spindle-celled sarcoma 
Five OUT of the eight cases which he leported veie associated with tumor 
foimation These main features aie common to all the eases in the liter- 
atuie in which histological examination was made 

Theie aie no etiological indications to be made out either in the 
peisonal oi family histoi^ of the patient, but theie veie slight changes in 
'ioine of the ductless glands The thjuoid adienals, pi estate, testes, and 
especialh the pitiiitaiy body ueie atiojihic 

The mteipietation of the changes met with in the tissues examined 
in the ]nesent case becomes eas} b'^ consideiing the course of the illness 
The clinical notes state that aching pains occuiied in the limbs for six 
•^eais, that the defoimity of the limbs had become conspicuous for four 
years Enlargement of the ladius and head of hiimeius weie only noticed 
on admission to the hospital and thei lapidlv inci eased in size until 
the time of death 

The changes in the bones at situations most distant fiom the tiimoi 
masses aie those of osteoporosis while close to the periphery of the 
growths the changes weie those of osteoscleiosis In only thiee bones was 
there a continuous tiansition fiom osteoscleiotic bone to the cellular 
saicomatous tissue The masses in the skull were evidentlj" secondary 
tumors and veie quite sharpl}' maiked off fiom the cranial bones The 
order in which these phenomena appeal is at once seen to be the same as 
that of the clinical symptoms which aie lecoided The osteoporosis would 
be marked b}’’ osteocopic pains spiead ovei a long period of time, the 
osteosclerosis which is histologically implanted on the other lesion would 
cause similar symptoms, but, folloiving as it did on the othei change, 
would not pi event the bowing of the limbs chaiacteiistie of osteomalacia 
The sarcoma formation, finall}, was so late that the patient himself had 
never noticed it till it was pointed out to him The cranial nodules veie 
not present at the time of admission 
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The secondai}^ deposits had a peeuliai distiibution Tliev occinied 
ovei the pleiual sin face and in the meninges The scatteied lesion of 
the lungs without dissemination in otliei visceia suggests a lymphatic 
mode of tianspoit Tlieie uas entiie fieedom fiom secondai) deposits 
of the oigans below the diaphiagm 

The eliief question at issue, theiefoie is as to whethei the cellulai 
tissue occupying the osteopoious bone u^as pnmaiily saicomatous in 
natuie oi whethei the saicoma formation uas a secondaiy change In 
othei wolds, was the foimation of tumois an accident oi uas it tlie 
inevitable lesult of the moibid process^ 

The micioscopic changes seen in the poitions of bone awai fiom tlie 
tumois aie not essentialh cliffeient fiom those seen in any lapidly giou- 
ing bone, oi in the pioeess of foimation of callus The actniti of the 
cell-elements is meiel}^ an exaggeiation of the usual methods of absoiption 
Avith subsequent leplacement of bone tissue Where theie ’s no osteo- 
seleiosis, the changes are so like those t3pical of osteomalacia that some 
sections could not be distinguished fiom sections of pin el v osteomalaca 
bone AWiere there is osteosclerosis, again, the changes aie haidh distin- 
guishable fiom those seen in a sjphilitic osteosclerosis The ioimatwn 
of dense bone may be looked on as nothing moie than a leparative process- 
called foith to counteiact the pioduction of defoimih To this extent 
the changes have no semblance to neoplastic tiansfoimation The onlv 
possible aigument in favoi of the lattei supposition is that the bone- 
forming cells aie smallei and moie numeious than osteoclasts in legenei- 
ating bone, and that the bone tiabeeulie foimed aie quite atipical in foim 
airangement and size 

The essential clitfeience betueen the sarcomatous poitioiis and the 
adjoining osteoscleiotic poitions lies m the uniestiained multiplication 
of the tumoi cells, which heie fail to exhibit the slightest tendency to 
deposit boiii inattei aiound them The limitless growth of these 
cells fuithei pioduces a macioscopie tumoi, wheieas no conspicuous oi 
localized enlargement occuis anyuheie else This again suggests that the 
tumor foimation was supeiadcled on an alieady alteied osseous tissue 

The evidence so fai submitted points to the iieu that the =aicoma 
foimation was not the ineiitable lesult of the disease fiom uhich the 
patient ultimateh died The stiongest aigument lies in tlie fact that ‘^ix 
yeais elapsed befoie neoplasms appealed The fact that no saicoma 
developed in the alteied tibia, feimii, and skull would be clifficnlt to 
explain on the supposition that the disease uas a latent saicoma fioin the 
outset 

The alternative vieu is that the patient developed o'^teonialacia with 
subsequent hvpeiplasia of the bone-foiming elements of the connective 
tissue of the bone maiiovv that these changes peisisted foi some Zeal- 
and that undei the influence of some othei stimulu= (oi consequent on 
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the lemoval of some mhibitoi}’’ slimulii's) saicoma suddenl}^ and lapidl} 
developed m ceitain legions It is inteiesting to note m this connection 
that the pitnitai-^ body, when the suhicct of h-\ pei troph-\ , is associated 
Mitli oveigimith of bone, so that its inaiked atioph-^ in the piesent case 
might ha^e led to the opposite etlect and account foi the failuie of the 
“tnmoi cells in some situations to secrete bone The inevitable lesnlt 
of such failnie would he ahilit} of these cells to multiply vigoionsh and 
Mithoiit lestiamt 

In one sense this view could he paiaphiased into a statement that the 
spindle cells of the ^aicoma and tlie fibioblastie cells of the bone maiiow 
aie at opposite ond« of one ‘^eiics — this ^eiies, beginning vith the o\ei- 
giovth of the hhiohlastic element ol the bone niaiiov, dcstioying oi 
leplacing the maiiov cells, and ending i\ith the deielopmeiit of a 
malignant tiiiiioi '^fhe multiplication might eithei be the lesiilt of an 
initial stiinnliis oi might leqniie a constant iiiitant such as might be 
till lushed lii the oieigi owing cells themsehes oi, hnalh, it might consist 
ot the lemoial thioiigh atiopln of some influence exeited by the pitii- 
itai) bodi 01 othei ductless glands 



THE PEOGHOSIS OP ALBUMIHUEIA WITH OE 

WITHOUT CASTS 


THEODORE B BARRINGER, Jb, MD 
In Collabokation with Mortimer Warren, ilD 

NEW YORK 

The question as to the significance of albumin and casts in the mine 
of appaientl}' healthy men is a much-mooted one, the answering of which, 
from a clinical point of view, has been difficult on account of the scarcity 
of cases m hospital and private work, and the impossibility of follov ing 
them thiough a number of yeais During the late nineties several of the 
large Hew York insurance companies began to insure men with this 
condition, and since then records of a large number of such cases have 
accumulated It was through the courtesy of one of these companies that 
we weie given an oppoitunity to investigate the above-mentioned problem 
under ver} promising conditions 

The material placed at our disposal consisted of 396 men, residents 
of Hew York City, who were msuied during 1900-1901 As far as an 
oidinaiy physical examination could determine, they were normal at that 
time except for the presence in the mine of serum albumin with oi with- 
out casts Only office specimens of the urine weie secured, but albumin 
was found on at least two occasions in one-half of the cases This was 
before the day of blood-pressure observations by examiners foi insurance 
companies 

The pielimmaiy examination of the mine was done by the examining 
phjsician, using the ordinary heat and nitric acid test for albumin Hi' 
findings were alwaj^s confirmed bj an expeiienced clinical pathologist, 
who also made all the microscopical examinations according to the follow- 
ing loutine Fifteen cubic centimeters of the specimen were centrifuged 
foi five minutes and the entire sediment then examined with the aid of a 
movable stage All the specimens were examined within eighteen hours 
of the time thej^ were passed, and man}'’ a few hours after passing 

Follouing their examination during 1900-1901 b} the insurance 
companv, these 396 men were divided into three groups The first, 
numbeimg 115, showed albuminuiia without tube-casts (no case' of 
p}uria uere included in this gioup) , the second group, numbeimg 203 
showed albummuiia and a few hyaline casts, and the third gioup included 
fifty-thiee men showing albuminuria and a few granular casts 

'Read in the Section on Practice of Medicine of the American Medical Asso 
ciation at the Sixtv-Third Annual Session held at Atlantic Citx’ June 19 2 
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The incidence, decades, of these three groups is of interest and we 
were able to estimate it fairl}^ accurately with the help of statistics show- 
ing the age-distribution of all of the company’s entiants during the past 
ten jeais The men showing albuminuria alone were five times more 
frequent before the twentieth yeai than after The albuminuria and 
hyalme-cast group showed approximately the same incidence in the 
second, third, fourth, and fifth decades The men with albuminuria and 
granular casts showed an mcreasing incidence in each decade, until. 


Table 1 — ^Exahokation oi Twexty Me\, Ten Years After Albumin Had 

Been Observed in Their Urines 




1900-1901 


1911 

Age 

Serum Al- 
bumin on 
Uranalysisf 

E\amm Hcai t 

Systolic 

Blood- 

Pressure 

Uianalysisf 

*17 

+ 


128 

. 

1<3 

+ + 

— 

120 

— 

19 

-j [. 

— 

132 

— 

21 

+ 

— 

120 

— 

21 

+ + 

— 

112 

— 

22|: 

++ 

— 

112 

-f, no casts 

23 

++ 

— 

98 

No albumin, 1 In aline cast 

*23 

+ 

— 

112 

— 

*24 

+ 1 

Two, — 

142-132 

— 

*26 

++ ’ 

Three, — 

142-132-128 

— 

27 

++ 


128 

— 

*27 

++ 

— 

116 

-f, feu hyaline casts 

♦27 

27 

d-d- 

d-d- 

— 

128 

136 

No albumin, 3 hyaline 
casts, 1 granular cast 

*30t 

d-d- 

Two, — 

140-132 

Trace albumin, no casts 

■^30 

d-d- 

— 

124 


*32 

d-d- 

— 

133 

+ , no casts 

*33 

-j [- 

— 

126 

' 

*36 

+ 

+ + 



122 

— J— y no cJists 

39 

— 

124 

-j-, 1 hyaline cast 


^Cases which had shown albumin on two or more examinations 
fin this column, in this and the following charts, + indicates race 
albumin, small quantity, the sign — throughout means nega ive 
$In these cases traces of albumin have been repeatedly foun sine 


between 40 and 50 years, they were four tunes as frequent as between 
20 and 30 years After 50 years of age so few men are insured, as com- 
paied with younger entrants, that statistics of later decades are o i e 
value 

The age-incidence in the albumin group and the granular-cas group 
is quite in accord with general experience The almost equal deca e 
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incidence of the hyaline-cast group was, however, unexpected, the usual 
assumption being an increasing frequency of this condition with advanc- 
ing age 

Table 2 —Examination of Thiett Men Ten Yeaes After Albumin and a 
Few Hyaline Casts Had Been Observed in Theie Urines 




1900-1901 


1911 

Age 

Uranalysisf 

Exam Heart 

j 

Systolic 

Blood- 

Piessure 

Uranalysisf 

18 

+ + 


130 

, no casts 

18 

+ 

— 

130 

— 

*22 

-f 

Two exams — 

146-132 

— 

*23 

+ 

— 

131 

— 

*23 

+ 

j 

122 

— 

25 

+ 

— 

132 

— 

“25 

+ 

— 

122 

— 

*26 


1 

130 

— 

*27 

-h 

1 

129 

— 

28 

+ + 

— 

134 

No albumin, a few hyaline 
easts 

“30 

+ 

^ 

128 ' 

-|- , few hyaline casts 

30 

4" 

— 

142 

— 

"32 

+ 


130 

— 

32 

+ 

— 

128 1 

-f-, few hyaline casts 

33 

+ 

— 

130 

— 

34 

-t- 

— 

134 

— 

*34$ 


Two — 

160-136 

-f-, hyaline casts 

36 

+ 

— 

132 

No albumin, a few hyaline 
casts 

36 

“f” 


142 

-j- , no casts 

*36 

-f 

Three — 

140-128-136 

no casts 

*37$ 

+ ^ 

Apex normal position 
and heaving, otherwise 
neg two exams 

140-136 

-{-, few hyaline casts 

37 

+ 

— 

143 

— 

37§ 

+ 

Apex 4 in fiom midline 
heaving 

198 

, few hyaline casts 

38 

-f 

. — 

102 


*39 

-f 


129 

1 per cent glucose 

"39 

+ 


128 

feAV hyaline casts 

"39 

+ 

. - 

138 

-j-, few hyaline casts 

’40 

+ 


136 

— 

*43 


Tavo — 

138-130 


47 

+ 

— 

124 



*Cases wlucli had shown albumin and casts on two or more exammat 
The microscopic examination was similai in all these cases, a feu hya me Cc 
being found 

tDoubtful eases 

§A case of interstitial nephritis 


During the summer of 1911, sevent}’’ of the original 396 men were 
visited and examined, from ten to eleven years thus having elapsed since 
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their first exammation The history was first discussed, then the heart 
was examined and the systolic blood-pressure taken Tor the latter a 
Taught insti-ument with 'nide cull was used, the subject being each time 
in a sittmg postuie If the piessuie was above normal another reading 
was made several days or weeks later, and at the same time the heart was 
reexamined Also an eight-houi specimen of urine was collected (m most 


Table 3 —Examination or Twenty IMen Ten Yeabs Atter Albumin and 
Granular Casts Had Been Observed in Their Urines 


1900-1901 

1911 


ifl 


Systolic 




Exam Heart 

Blood- 

Uranalysisf 


a 

c 


Pressure 


to 

a 




<1 

tn 




21 

+ 


130 

Xo albumin or casts, 6 




per cent glucose 

23 

+ 

— 

132 

— 

2G 

++ 

— 

136 

-{-, hyaline casts 

*2G 

_j — 

— 

122 

— 

*2G 

+ 

— 

132 

— 

27 

_j — [_ 

— 

08 

— 

29t 

+ 


137-13G 

— 



heaving, 2 exams ! 



*31 

+ 

_ 

128 

— 

33§ 

+ 

Aortic 2d, accentuated, 

150 144 

Xo albumin, few hyaline 

otherwise neg 


casts 

34 

+ 

— 

128 

— 

34 

-f- 



136 

^ , hyaline casts numer- 

*35 

+ 

— 

132 





37 

-f 

. — 

129 

granular casts 

39§ 

+ 

Aortic 2nd accentuated. 

170 

-j- , hyaline casts 

otherwise neg 


-}-, many pus-eells 

*41$ 

+ 


158 

43 

++ 

heaving 

128 

-P, hyaline casts 

43§ 

43^ 

+ 

+ 

Two — 

160 142 

162 

no casts 

no casts, 5 per cent 



glucose 

*47 
47§ 1 

d-d- 

d-d- 

— 

134 

170 

-j - , granular casts 
hyaline casts 


$Cases of interstitial nephritis 
§Doubtful cases 

The microscopic examination was 
lar casts being found 


similar in all these cases, a few granu- 


instances night urine) and examined the next day Exammation of the 
eyegrounds in these men was not feasible, otherwise we might have ha 

fewei cases in which the diagnosis was doubtful 

Twenty of the men we visited had shown albumin, but no casts, in 
1900-1901 Our results m this group are summarized in Table 1 
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None of these twenty men now has interstitial nephritis, as far as we 
can judge from the condition of the heart, the blood-pressure and the 
examination of the urine Twelve are, apparently, normal as regards 
heart and kidneys In eight we find the same condition of the urine as 
was found ten years ago, four now showing in addition tube-casts 

The absence of interstitial nephiitis in any member of this group 
after ten years had elapsed was most interesting 

Thirty of the men we visited had shown albumin and a few hyaline 
casts in 1900-1901 Our results are summarized in Table 2 

One of these thirty men now has interstitial nephritis and two are 
doubtful cases Tive men show a slightly raised blood-pressure, not 
marked enough, however, to justify any suspicions of nephritis, consider- 
ing that ten years has elapsed since the first appearance of trouble 
Eighteen men are, apparently, normal as regards heart and kidneys 
Nine show the same condition of the urine that they did in 1900 

Twenty of the men we visited had shown albumin and a few granular 
casts in 1900-1901 Table 3 summarizes our results 

Of these twenty men, two now have interstitial nephritis and in five 
the diagnosis is doubtful Eight are apparently normal as regards heart 
and kidneys 

Considering the entire series of seventy men, at the present time 
thirty-eight are, apparently, free from cardiac or renal disease Three 
have chronic interstitial nephritis and seven possibly have it Two have 
diabetes Twenty-two still show much the same urinary condition as they 
did ten years ago, but with no circulatory changes 

Of the ten men who now have, or possibly have, nephritis, but one 
was under 30 yeais of age at the time trouble was first discovered 


the mortality in the original group of three hundred and 

NINETY-SIX MEN 


We found that twenty-five of these men had died since their exami- 
nation in 1900-1901 The causes and dates of death are enumerated 
below 


ALBXTMINXjRIA GKOUr 

Cause of Death 

1 Pulmonary tuberculosis, tuberculous meningitis 

2 Typhoid fever, perforated ulcer, operation 

3 Pulmonary tuberculosis 

4 Illuminating-gas poisoning 


Year of Death 

1902 

1903 

1904 
1904 


ALBUMINUBIA AND III VLINE C\Sr CROLP 

1 Appendicitis 

2 Pibroid phthisis, gastrointestinal tubeiculosis 

3 Phenol (carbolic acid) poisoning 

4 Pulmonary tuberculosis 

5 Plieumatism, malarial fevei heait failuic 

6 Cirihosis of liver 


1902 

1903 

1904 

1904 

1905 
1907 
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7 Pulmonaiy tuberculosis, brain abscess 

8 Lobai pneumonia 

9 Syphilis, gumma of brain 

10 Pulmonary tuberculosis 

11 Pulmonary tuberculosis 

12 Unknown 

13 Heart failuie after drinking bout 


1910 

1910 

1909 

1910 

1909 

1910 
1903 


ALBUJIINURIA AKD GKAXULAR CAST GROUP 


1 Appendicitis 1902 

2 Cancer of stomach 1907 

3 Valvular disease of heart, Bright’s disease 1909 

4 Pulmonary tuberculosis 1907 

5 Chronic Bright’s disease, cardiac hypertrophy 1907 

6 Diabetes, coma 1910 

7 Chronic Bright’s disease, uremia 1910 

8 Lobar pneumonia 1907 


This mortality is decided!}'' high If these 396 men had been standard 
risks, that is if they had been free from albumm, in addition to being 
otherwise normal, there would have been sixteen deaths, instead of 
twenty-five, at the end of ten years This excessive mortality represents 
the usual experience of insurance companies m the general group of 
albuminurias, with or without casts A number of years ago the medical 
director of a large insurance company gave us the following statistics, 
calculated from the records of at least two companies 

Approximate 
Yearly Mortality 

Impairment per 10,000 Lives* 

1 Small amount of albumin and occasionally hyaline casts, otherwise first- 

class (This group IS composed chiefly of simple albuminuria cases) 137 

2 Small amount of albumin and casts, other than hyaline, otherwise first 

class ^20 

*Average mortality among sound lives being 100 

The mortality is lowest among men showing albuminuria only, but 
even here it is greatei than among healthy subjects 


THE INDIVIDUAL CAUSES OP DEATH AMONG THE THREE HUNDRED AND 

NINETY-SIX MEN 

Assuming that the diagnoses on the death certificates were correct, 
there were three deaths from nephritis and eight from pulmonary tuber- 
culosis This IS quite surprising, as we had anticipated that the chief 
cause of death would be renal or arterial disease 

This mortality from nephritis was high, inasmuch as approximately 
but one death from this cause might have been expected among 396 nor- 
mal men It will be noticed that the three deaths occurred in the granular- 
cast group Insurance statistics show that the mortality from renal and 
arteiial disease in the general group of albuminurias, with or without 
casts, IS about 250 per cent greater than among normal people They 
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also show that the lowest mortality from these causes occurs in the group 
of simple albuminuiias, but how this mortality compares with that among 
sound subjects we cannot state We have no statistics on the mortal% 
in the gianular-cast group, but the present condition of the twenty men 
who showed gianular casts in 1900 (seven probably havmg nephritis), 
makes it probable that this group has the highest death-rate from renal 
and arterial disease 

The eight deaths from tuberculosis was 'a remarkably high mortalitj^, 
for 396 normal men would have shown approximately but two deaths from 
this disease ISTo less interesting was the fact that this mortality exceeds 
the mortality from nephritis It seemed as if our figures might have been 
a coincidence working with such a small number of cases, but records of 
some thousands of these subjects showed the death-rate from tuberculosis 
to be 100 per cent greater than among normal subjects So while our 
figures were unusually high, they indicated correctly the tendency of these 
people toward tuberculosis 

The next step was to ascertain whether any one particular group of 
albuminurias showed this tuberculous tendency, or whether it was distrib- 
uted equally among the three groups In our small senes, two of the 
four deaths fiom tuberculosis occurred in the albuminuria group Statis- 
tics based on a study of 1,700 cases of simple albuminuria showed that 
the mortality from tuberculosis among these people was 275 per cent 
greater than among normal subjects, and also that it was much highei 
than in either the hyaline-cast or the granular-cast group 

The relation between albuminuria and tuberculosis has not heretofoie 
been considered other than a casual one, as far as we can ascertain* Yon 
Hoorden, in a recent article,^ describes various forms of harmless albu- 
minuria, and among them one which he calls a pretuberculous albumin- 
uria He speaks of this as occurring during any stage of pulmonary 
tuberculosis and as being caused probably by action on the kidney-cells, 
of toxins of the tubercle bacillus He does not speak of it, however, as 
occuirmg in a pretuberculous stage, so the reason for the name pretuber- 
culous albuminuria is not clear 

Lawiason Brown^ considers albuminuria as rare m incipient tuber- 
culosis, it was found in 5 per cent of 1,314 cases of pulmonar}’’ tubercu- 
losis in all stages, at the Adirondack Cottage Sanitarium Cornet^ sav^ 
that the urine is normal in the earliest stages of the disease 

The absence of nephritis, shown m our twenty cases of simple 
albuminuria, after ten years had elapsed, and the low mortality in this 
group from renal and arterial disease indicate that it is exceptional for 
the albuminuria of voung adults to be a symptom of incipient nephritis 


1 Von Noorden Ueber Albnminurie, Ztschr f Urol , 190 , i, 

2 Osier’s Modern Medrcrrre, rrr, 323 ,, n 

3 Cornet Dre Tnberkulose, 1907, u, 634, Notbmgel s » pecie e 
and Tbeiapre 
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On the othei hand, the high moitalit)^ fiom tubeiculosis in this gioup 
leads ns to consider albuminuiia, in the absence of other symptoms, 
lather as an evidence of a loveied bodily resistance, vhich is manifested 
in later leais by the peison’s incieased snsceptibihtj to tubeiculons 
infection 

CONCLUSIONS 

1 Eenal albuminuiia -without casts is most fiequently found in 3 ouiig 
adults It IS exceptional for it to be a ': 5 mptom of incipient nephritis 
It IS lathei to be regarded as an evidence of a generally lo-w^ered lesist- 
ance -winch piedisposes to tubeiculous infection The mortalit} among 
these people is higher than among noimal subjects 

2 Cases of albuminuria w itli a few^ hj aline casts have no particular 
age-mcidence The moitalit}’- in this gioup is also above normal 

3 People with albuminuiia and gianulai casts show' a much highei 
moitalit} than noimal people and a much gi eater tendency to renal and 
aiteiial disease than either of tlie preceding groups 

4 Wliatever the urinaiy findings, age is a factor in the piognosis of 
albummuria, joung people having the most favorable outlook as regards 
the possibility of an ultimate nephritis 

We are greatlj indebted to Dr Franklin C Wells for his courtesy in furnishing 
us itlx the matei lal and records to do this -w ork 

34 West Eighty-rourth Street 



METABOLISM OE SCURVY IN AN ADULT 


LOUIS BAUMANN, MD, and C P HOWARD, MD 

IOWA CITY, lA 


I INTRODUCTION 


This study was undertaken for two reasons Eiist, we wished to 
determine whether it were possible to make an accurate study of the 
metabolism of a lational bed patient in the hospital ward available to us, 
without the assistance of a special nuise Second, to deteimine whethei 
or not a study of the mineral exchange would yield any infoimation of 
value concerning scuivy, a disease which may be eventually regarded as 
a distuibance of metabolism 

Our first question can be answered in the affirmative If an intelligent 
ward nurse, an inteiested intern and the usual hospital facilities are 
available, a metabolic experiment such as the one described by us, is 
possible 

The methods employed were foi the most pait tested on standaid 
solutions and modified when necessary to meet experimental conditions 
and inci ease their accuracy 


II LITERATURE 

An exhaustive study of the Index Medicus and Suigeon Geneial & 
Catalogue as well as the special Centialhlatiei for biochemistry, medicine 
and pediatrics, yielded little or no information of value Most of the 
literature on this subject deals with the much mooted etiological question 
but has no bearing on our paper Except for various contradicton state 
ments by the older writers as to the commoner mineral and oiganic 
constituents of the urine, nothing of any moment could be found arioc 
in 1848 found that antiscoibutic articles of food were richer in potassium 
than ordinar}'' food material and that the urine and bloo o ^.cuiv} 
patients contained a diminished amount of potassium salts ^ 

Ralfe^ shortly after, though confirming the potassium deficiency m le 
scorbutic’s urine, refuted this potassium food deficiency ^^T® 
administering potassium nitrate to scurvy patients vi lou ene c c 
results This author’s study is spoiled for our pmposes owing ° ^ 

fact that the food was not measured or analyzed e, loweveu 

~ -From the wards of the Montreal General Hospital and the Medical Chemical 

Laboratory, McGill Univeisity, Monti eal 

-Manuscript submitted for publication i Tramb 1 1S4S iiii, 43” 

1 Garrod, A B Month Jour Med Sc (Bond & Edinb ) 1S4S, mu, 4. 

2 Ealfe, C H Lancet, London, 1877, i, SGb, ii. 
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m the mine the fiee acidity, mea, uric acid, and the inorganic constitu- 
ents, chloiin, sulphmic acid, calcium and magnesium phosphates, potas- 
sium and sodium phosphates, and potassium and sodium Ealfe found 
in the urine of scurvy patients that there is an increase of uric acid, a 
diminution of the total acidity and a i eduction of the alkaline phosphates 
Bujjzaid^ tiled to overcome Ealfe’s objection by stating that it was the 
organic salts of potash that possessed the antiscorbutic poweis More 
lecently Hutchison** has accepted Buzzard^s view and found that a steril- 
ized dialysate of orange juice and to a less degree a solution of malate oi 
tartiate or citiate of potassium had a curative effect Litten** writes that 
the lesults of the potassium analjses of the uiine are very contradictory, 
further, that phosphoric anhydiid is increased and that beyond a doubt 
the uiie acid content is veiy lugh at the height of the disease but dimin- 
ishes rapidly with the convalescence 

Wright® maintained that the exclusive feeding with certain foods (as 
oats, bailey, fresh and salt meats) which after incmeiation left an acid 
ash, weie lesponsible for the production of scurvy and accoidingly 
regarded it as an acid intoxication 

Holst, Fiolich"'®'® and FuisF® disproved Wiiglit’s contention by 
producing scui\y in guinea-pigs with foods (as peas, almonds, and lentils) 
yielding an alkaline ash The disease picture both wacioscopically and 
micioscopically levealed the chaiactciistic changes of the osseous system 
found in scarvy-iickeis of children Mixtures of nine varieties of dried 
vegetables with an alkaline ash caused scurvy in from twentj^-seven to 
thiity-one days Tn the fiesh state these vegetables possessed antiscor- 
butic properties This experimental scurvy could be cured by the admm- 
istration of bailey, peas and lentils which had pieviously been allowed 
to spiout Fuither, law milk lessened the scuivy produced in guinea-pigs 
by the exclusive feeding with oats , this antiscorbutic quality of the milk 
was destroyed by heating to 100 C for ten minutes The authors there- 
foie concluded that scurvj^ is due to an absence in the food of some 
constituent possibly of the nature of an enzyme 

Howhere in the literature could we find an accurate study of the 
mineral metabolism in a case of adult or mfantile scurvy Hence we 
believe that our careful study may piove of some use and stimulate future 
investigation 


3 Buzzard, Tlios Eevnold’s System of Medicine (London), Ed 3, 

4 Hutchison, Eoht Lancet, London, 1904, i, 1253 

5 Litten, M Nothnagers Handbuch der Spec Path u ilierap , 
277 

6 Wiight, A E Lancet, London, 1908, ii, 725 and 

7 Holst and Frolich Biochem Centralblatt, 1907, vi, 857 

8 Holst and Fiolich Noisk Mag f Lagev, f ^ 

9 Fiolich Zentralbl f Biochem u Biophysik , 1910, x 

10 Furst Zentralbl f Biochem u 

11 Holst Zentralbl f Biochem u Biophysik , 1910, x, 5UJO 
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III CLIIflCAL HISTOET 


M M, aged 38 Laborer, Austrian Pole, admitted to Dr H A Lafleur’s 
service in the Montreal General Hospital on July 2, 1909 
Enti ance Complaint — “Sore Knee ” 

Family History — ^Negative 

Peisonal Histoiy — The patient was born in Austrian Poland, where he had 
lived until 1907, when he emigrated to Canada He had always enjoyed good 
health and denied all acute infections as scarlet, typhoid, and rheumatic fevers, 
syphilis or purpura For some months prior to his illness he had been working 
as a day laborer in Blue Bonnets, a little village on the outskirts of Montreal 
He lived in a shanty with twenty-one other men in one sleeping room, under poor 
hygienic conditions Their food consisted of fresh meat and beans, but very little 
if any fresh vegetables, very little salt pork oi fish were used As far as the 
patient knew, none of his companions had sore gums or spots on the skin similar 
to his 


Piesent Illness began one month before admission when he had pain, spelling 
and limitation of movement of the left knee joint which he assigned at first to an 
injury received three months before, which, however, had not laid him up at 
that time Coincident with the swelling of the knee he noticed for the first time 
spots on the skin of the thighs as well as soreness of the gums There were no 
hemorrhages from the mucous membranes or other joint symptoms 

Physical Examination July 3, 1909, revealed a fairly well-nourished though 
somewhat anemic man of about stated age Numerous petechias were seen around 
the hair follicles of both extremities, especially on their anterior surface There 


was a large subcutaneous purplish ecchymosis behind the lower third of the right 
thigh and knee joint which on palpation was markedly indurated and slightly 
tender The left knee joint was much swollen, painful on movement and of a 
purplish red color A skiagram was negative for peiiosteal or other bone lesions 
of that locality On the outei side of the right elbow joint was a small subcuta- 
neous ecchymosis In addition theie were numerous small superficial ecchymoses, 
some quite fresh, over the posterior and inner surfaces of the left thigh On the 
trunk were a few acneiform papules Just below and to the outer side of the 
left elbow joint was a subcutaneous nodule the size of a large bean The gums, 
which bled very easily, were of a dull purplish hue and very spongy they pro 
truded slightly over the teeth, between which they showed the usual tongue-like 
projections Theie were two or three dark greenish-black patches of necrosis on 
the buccal service of the gums The breath was distinctly fetid The teeth were 
carious but not loose The lymphatic glands were normal except for a slight 
enlargement of both axillaiy gioups 


The other viscera weie normal -n -o r 

There was a moderate secondary anemia ( Hb , 40 per cent , Sah i , , 

2,690,000) while the leukocytes were below normal (4,480) , ^ 

The temperature ranged between 97 8 and 100 F , and the ® ween 

and 90 per minute He weighed on admission 137^6 pounds le urine nas 
yellow in color, acid in reaction with a specific gravity of 1,00 , an con nine 
neither albumen, sugar nor pathological sediment 

Treatment —On July 4 the patient was placed on a special diet for purposes o 
study One week later orange juice was added to the die ni'’'. 

The metabolism experiment ceased Julv 17 when he was oun " \e*”"e- 

pounds After this he was given a geneial ward diet with abun o 
tables, lemons and oianges The improvement in his general cona^i n ' 

The gums became smaller and of a more healthy co or ‘ ^ ‘ ^ extended 

of the right thigh cleared up and the knee joint could be easily fie^ed ««d^extended^ 

The purpuric spots became smaller and were represen e , . -^aVd for 

brownish pigmented areas On July 23, after being np , 

two days, he insisted on going home and n as, conseqiien Y, - « 
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IV onrano iL jiETnoDs 

Oving to the seimliquid consistency of tlie stools, it was impossible 
to accuiatelj'^ sepaiate the feces bj’’ means of charcoal, carmin, etc For 
this reason the expeiiment was divided into foiii periods The feces of 
the first day of the foie-peiiod and of the hist two days of the mam 
period of the expeiiment veie collected and analyzed separately Diiimg 
the first and second pciiods, lasting one and five dajs, respectively, the 
patient leceived the following diet, qualitative!}’' similar to that recom- 
mended by I'olin (This diet moie than fulfils the requirements of the 
average man of 'iO hfios as fai as piotein and caloiies are conceined ) 


Wliole jiulk 625 

Cieam (18 to 22 pei cent ) 375 

Eggs (vhite and lolk) 500 

Ilorlick’s Malted Millc 250 

Sugar 25 

Sodium chloiid 7 

Watei to 2,500 


The mixtuie vas fieslih piepaied and 2,000 ec admimsteied each 
dat The balance was accuialely measured and pieserved undei 20 ce 
toluol in bottles with well-fitting gioimd-glass stoppers These veie kept 
constantly m a refiigeiatoi Dniing the thud and fourth periods, last- 
ing two and five da}«, respective!} . the same diet was administered, 
except that 250 c c of the vater was leplaced by 250 cc of orange juice 
A sample of each day’s food -a as analyzed separately 

The mine vas collected in the oi dinar} hospital urinal and transferred 
quantitatively by means of a knovn quantity of distilled water into a 
2 5-litei glass-stoppered bottle and pieseived in the refrigerator undei 
toluol At the end of two }eaib the mine was acid and free from bacteiial 
giowth On analysis the mine ivas found to contain in addition to a 
latliei bullci’ sediment of mates, a lelatively heavy one of uric acid In 
Older to obtain a clear solution, we pioceeded as follows The bottle ■«as 
thoioiighly shaken and about 500 c c of the mine quickly transferred into 
a diy round-bottomed flask, the neck of which was drawn out into a tube 
about 70 cm long and 12 to 13 mm in diameter This tube was sui- 
roiinded by a glass condensing jacket and cooled with running "^ater 
The urine could now be heated to boiling without loss of watei, which was 
necessai}’' at times in order to obtain a clear solution, and even then a few 
crjstals of uric acid would remain undissolved The urine in the flask 
was afterward lapidly cooled to 15 C and transferred to a dr}’ Jena 
Eilenmeyer flask and the required volume pipetted 

The total nitiogen, the ammonia and the total acidity were deter- 
mined in the freshl} collected and unheated urine at the outset of the 
experiment 


12 Folm, Otto Am Join Physiol, 1905, mu, 45 
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The mineral ingredients were analyzed snbseqnentlj at our leisure 
We would here advise that for the preservation of the mine for potassium 
and sodium analyses, bottles made of Jena or othei resistant glass be used 
The stools foi each peiiod were transferred quantitatively by means 
of distilled water into a carefully fared desiccatoi and dried to constant 
weight in vacuo at 45 to 55 C The desiccator was placed m a watei- 
bath and connected by means of a curved glass tube with a 2 -litei distil- 
ling flask, the stem of which entered a suction flask containing a little 
hyiO H 2 SO 4 solution and a drop of alizarin red The diminished pres- 
suie was obtained by means of an ordinary water suction apparatus and 
the condensation b}’' means of running water 



Diagram of desiccator descnoed 111 text 


In this way the feces were dried to constant weight m twehe to 
thirtj''-six hours, depending on the quantity On the average, 5 Y per cent 
of the total nitrogen present m the feces was found in the clear distillate 
I’lothing of the feces was prevented by aeration through the small tube 
and a few drops of petroleum The total quantity of the dried fece., wa 
obtained b^ subtracting the weight of the empt-^ desiccator from t ic 
desiccator and the dried feces The bulk of the feces was removed wi li 
a spatula, ground in a mortar and preserved in bottles hermetica 5 .-ca e^ 
with parafiin until analyzed It was not necessary to pulverize le 
as concordant duplicate analyses were obtained with sample^ con am _ 
particles the size of a pea For example, the following reau or m r 
gen and calcium were obtained 
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Peces 
Feces II 
Feces III 
Feces IV 
^The analyses 


Amount, gm 
1 
1 
1 
1 
1 
1 
1 
1 

led out in duplicate 


Kitiogen 

Calcium 

0 0273 

0 0790 

0 02G9 

0 0787 

0 0G22 

0 0441 

OOG26 

0 0445 

0 0509 

0 0504 

0 0509 

0 0573 

0 0427 

0 0CG7 

0 0425 

0 0603 


The homogeneous nature of the liquid food mixture emplo3’^ed was 
determined by repeated analyses of definite volumes 

Analytical Methods — All analyses were carried out in duplicate and 
rejected unless the variation between the two analyses was well withm 
tlie experimental eiror The aveiage of the duplicate analyses was 
selected as the basis for calculation The maximum variation for each 
series is given in its proper place It vas computed by selecting the 
greatest variation between the duplicates of a senes and this eiror calcu- 
lated for 100 c c of urine or food or 100 grams of feces. 

1 Unne — The nitiogen was determined according to ]r3eldahl, 
10 cc being used in duplicate Sodium alizaiinsulfonate was used as 
indicator The maximum variation for 100 c c unne was 0 001 nitrogen 
The ammonia was determined according to Folin/® 25 c c bemg used 
and the air passed through the cylinder over night The indicator used 
was sodium alizarinsulfonate The maximum variation between the 
duplicates foi 100 c c of unne was 0 003 NH3 

The total acidity vas estimated according to Folin^^ The number 
of cubic centimeters of IT/10 ITa(OH) lequiied to neutralize the total 
quantit}”^ of the urine was calculated The exact end-point in this titra- 
tion could only be accurately determined after a good deal of expeiienee, 
the yellow coloi of the urine obscuring the indicator, phenolphthalein 
The maximum variation was 0 8 cc IT/IO h!’a(OH) foi 100 cc urine 
The total sulphur was detei mined according to Benedict^® with 10 c c 
of urine This method was found to be more accurate and rapid than the 
sodium peroxid method used by Folin The following consecutive 
analyses are illustrative 


July 4 
July 5 


BaSO, 

0 1000 July G 
0 1000 

0 0924 July 7 
0 0930 


BaSO, 

0 0944 July 8 
0 0946 
0 0921 
0 0923 


BaSO^ 
0 1031 
01030 


13 Fohn, Otto Z f Physiol Cheiuie, 1902 , xto^vu, 161, P Schaffer, Amer J 
Phys , 1903, 8, 330 

14 Folm, Otto Am Jour Physiol , 1903, ix, 265 

15 Benedict, S E Jour Biol Chem , 1909, vi, 363 

16 Folin, Otto Jour Biol Chem , 1906, 1, 131 
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The maximum error in duplicate determination was less than 0 001 
giams sulphur for 100 c e urine We did not therefore find it necessary 
to use the modification suggested by Denis 

Glilonn was estimated according to Clarke’s^® modification of Dehn’s 
method, 10 c c of uime being used in duplicate The maximum error 
was 0 001 gm Cl m 100 c c. of urine 

Total Pliosplioi us — The urine was first ashed according to hTeumann 
m Kjeldahl flasks of Jena glass Five cc of concentrated HoSO^ was 
added to 100 c c urine and complete destruction of the organic matter 
obtained by the gradual addition of concentrated nitric acid The ash 
and sulphuric acid were transferred to a measuring flask and diluted to 
250 cc This solution served for the determination of the total phos- 
phorus as well as the potassium and sodium Twenty-five cubic centi- 
meters of this solution, corresponding to 10 e c of urine, were analyzed 
according to the volumetiic method of hleumann^® for phosphorus In 
order to obtain a coarsely granular precipitate of the ammonio-phospho- 
molybdate which might be easily washed free of acid and filtered, we 
proceeded as follows 

To 25 e e of the Neumann ash solution in a Jena Erlenmeyer flask of 400 cc 
capacity, 125 cc of water, 50 cc of 60 pei cent ammonium nitrate solution, 
3 cc of concentrated sulphuric acid and 1 cc of concentrated nitric acid were 
added The mixture was then heated until bubbles began to appear and then 
precipitated with 40 c c of 10 per cent ammonium molybdate solution The 
flask was then shaken until precipitation was complete (about one minute) and 
allowed to stand for ten minutes, after which it was decanted through Gooch 
crucibles in the mannei suggested by Bayliss and Phmmer 

As a rule after four washings the precipitate was free from acid and 
could then be decomposed and titrated in the usual manner In this way 
the total phosphorus of the urine, feces and food could be rapidly and 
accurately determined As many as three duplicate determinations were 
Gained out on the ash solution in ten houis The following five consecu- 
tive duplicate analyses illustrate the accuracy of this method 


July 12 

P=0. 




P=0„ 

0 0398 

July 

14 

0 0408 July 16 

0 0398 

July 13 

0 0400 


0 0408 

0 0395 

0 0406 

July 

15 

0 0414 



0 0407 


0 0420 


The 

maximum eiror 

was 0 

005 gm 

i phosphorus for 100 c c 

urine 


Sodium and Potassium — These were determined on the Neumann ash 
solution mentioned above Twenty-five c c of the solution (equivalent to 
10 c e urine) was evaporated in a platinum dish and the sulphuric acid 


17 Dems, W Jour Biol Chem , 1910, viu, 401 

is Clark, S Hawk's Practical Physiol Chem Ed 3, 1910, p 388 

19 Neumann, A Ztsclir f Physiol Chem , 1902-3, xxxvii, 129 , 1904-5, xliii, 35 

20 Bayliss and, Plimmei Jour Physiol , 1905-6, xxxiii, 441 
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corapletety volatilised The residue was dissolved m a little distilled 
vaier^ iiansferied to a Jena Eilenmeyei dask to which was added 5 ec 
of conccntiated UCl and 100 c e of water, this solution vas now boiled 
and the SO4 10ns were piecipitated the gradual addition of baiium 
ehloiid through the Tolin automatic diopper^^ TVlien cool the barium 
sulphate vas filtered off through an ashless filtei into a platinum dish 
the piecipitate was now washed thoioughl} and the u askings and filtiate 
evapoiated to dimness on the watei-batli to lemoie the bulk of the Indio- 
chloiic acid The lesidue uas again dissolved in watei, tiansf erred to a 
Jena Eilenmeyei flask, to which 100 c e of water was added, then heated 
to boiling and pieeipitatcd b'^ the giadiial addition (diop method) of 
20 c c of a half satuiated solution of chemically pine baiium hidrate 
obtained b}' double leciystallmation MJien cold it was filtei ed and 
washed thoioughly The filtiate and wasliings weie tieatcd uith an 
ainmoniacal solution of ammonium caibonate (made by passing dr} CO, 
into a 15 pel cent solution of NH-) until no further piecipitation 
occuiied Aftei tuo lioiiis the piecipitate was then filtei ed off, washed 
thoroughly and the filtiate and nashings evapoiated carefull} to dr3mess 
on the uatei-bath, avoiding a too rapid decomposition of the ammonium 
caibonate The lesidue was again treated with about 10 e c of the ammo- 
niacal ammonium caibonate solution for tuo hours, anv lesulting precipi- 
tate filtei ed and the filtiate and washings again evapoiated to di3mess 
The lesidue was taken up in watei, transfeiied to a weighed platinum 
eiucible, evapoiated to dnness on tlie watei -bath and the ammonium 
salts volatilized When the weight of the ciueible uas constant, the 
weight of the chloiids of the potassium and sodium uas noted, they weie 
then dis'^olved m a little water and filtered, as a small amount of insoluble 
residue was always piesent The filtei and lesidue were washed thor- 
oiinhl^'’, dried and incineiated and the weight of the ash deducted fiom 
the weight of the sum of the chlorids of potassium and sodium 

The potassium was deteimined as potassium platinic clilorid (EoPtClg) 
In this way acceptable lesults weie obtained with a standard solution 
containing potassium and sodium chloiid, acid potassium phosphate, sul- 
phuiic acid, calcium carbonate and magnesium sulphate in about the 
propoitions in ivhich they occur in the ash solution to be analyzed 


Solution I contained 
found 
found 
found 

Solution IT contained 
found 
found 
found 


NaCl 

IvCl 

0 1011 

0 0692 

0 1016 

0 0694 

0 1003 

0 0691 

0 1016 

0 0694 

0 0809 

0 0553 

0 0806 

0 0552 

0 0814 

0 0550 

0 0811 

0 0553 


21 Folin, Otto Jour Biol Chem , 1906, 1 , 131 
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The maxim-am enor for sodnim was 0 005 and for potassium 0 009 
lor 100 c c of urine 

Calcium and Magnesium — Tiftj^ c c of nrine were analyzed directly 
for calcinni and magnesium according to the method of McCrndden^^ 
We can fully coiroborate the author’s claim for the accuracy of his 
method For seven consecutive duplicate analyses we obtained the 
following 




MgO 

CaO 

July 

4 

0 0107 

0 0117 



0 0107 

0 0117 

July 

5 

0 0074 

0 0120 



0 0073 

0 0122 

July 

6 

0 0069 

0 0129 



0 0072 

0 0129 

July 

7 

0 0069 

0 0123 



0 0072 

0 0125 

July 

8 

0 0087 

0 0142 


0 0088 

0 0146 

July 

9 

0 0080 

0 0146 



0 0080 

0 0146 

July 

10 

0 0078 

0 0141 


0 0078 

0 0141 


The Aron-'^ method for determining calcium as CaS 04 proved entirely 
unsatisfactoiy in our hands 

2 Food For the total nitrogen 5 c c was taken in duplicate and 
determined b} K^eldahl’s method 

For the total sidpliw, 5 c c was also taken and determined by Bene- 
dict’s method with the following results 


BaS 04 , gm 

July S 0 0228 July 10 

0 0228 

July 9 0 0226 July 11 

0 0222 


BaSO^, gm BaSO*, gm 

0 0216 July 12 0 0206 

0 0220 0 0213 

0 0224 
0 0228 


The maximum error was 0 003 gm sulphur for 100 c c of food 

The total clilonn was determined in duplicate, using 5 cc of fond 
The sodium peroxid method was used and chlorin weighed as silver 
chlorid (AgCl) The maximum error was 0 006 gm of chlorin for 
100 c c of food 

The phosphorus was determined in 100 cc of the food by asbmg 
according to Neumann and the ash and sulphuric acid diluted to 260 c c 
Of this solution 25 c c in duplicate were analyzed in the manner above 
described The maximum erior was 0 003 gm of phosphoius foi 100 c c 
of food 

The sodium and potassium were determined in the same mannei as 
in the mine using 25 c c of the ash solution or 10 c c of food in dupli- 
cate The following five consecutive results were obtained 

22 McCrudden, F Jour Biol Chem , 1910 vii, S3 

23 Aron, H Biocliem Ztsclii , 1907, iv, 268 
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July 4 
July 5 
July C 
July 7 
July S 
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NaCI, gm 

KCI, gm 

0 0530 

0 0351 

0 0529 

0 0352 

0 0499 

0 0359 

0 0497 

0 0367 

0 0529 

0 0424 

0 0530 

0 0429 

0 0512 

0 0308 

0 0519 

0 0361 

0 0450 

0 0360 

0 045G 

0 0369 


The maximum error was 0 0027 gm foi sodium and 0 0057 gm foi 
potassium foi 100 c c of food 

The calcium and magnesium m the food were determined as follows 
Twenty-five c c of the food was allowed to dry on a platmum dish on the 
water-bath for fiom twelve to fifteen houis, it was then gradually 
chaiied and extracted with dilute hydrochloric acid The residue was 
now gradually incineiated until a grayish white ash with a few black 
pai tides remained, to tins the hj'drochloiic acid extract was added and 
the whole evapoiated and allowed to diy in an oven at 110 C foi two 
houis to lendei any silicic acid insoluble The ash was then dissolved 
in about 100 c c of water containing 3 c c concentrated hydrochloric 
acid, filtered and analyzed for calcium and magnesium by McCruddeds 
method The maximum eiror was 0 0017 gm calcium and 0 0007 gm 
magnesium foi 100 c c of food 

S Feces Niii ogen was determined in 10 c c of the distillate obtained 
from the feces while drying in vacuo, as well as in 1 gm of the dij'^ feces, 
the maximum error foi 100 gm of the diied feces being 0 040 gm of 
nitrogen 

Sulphw — Fiom 0 5 to 1 5 gm of the dried feces was tieated with 
20 c c of fuming nitiic acid in a Kjeldalil flask and a small amount of 
heat applied until the solid matter had disappeared and the browm fumes 
had considerably decreased Tlie solution was then tiansf erred to a 
100 c c porcelain evaporating dish, to which 20 c c of Benedict s solution 
and 2 gm of C P sodium chloiid were added, the whole evapoiated o 
as complete dryness as possible, then very gradually heated to le ness, 
and when cold covered with a wmtch glass and dissolved m dilute , 
filtered and precipitated in the usual manner The four specimens exa 
med b}'’ this method gave the following sulphur value for 1 gm 


feces 

I 0 0043 

0 0044 
II 0 0061 

0 0061 


III 0 0083 

0 0084 

lY 0 0040 

0 0041 


Maximum error for 100 gm 


dried feces = 0 0100 sulphur 
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The sodium ehloiid was added to prevent loss by deflagration which 
regularly occurred m the trying out of Wolff and Osterberg’s modification 
of Benedict’s method 

Gldonn — From 1 to 1 5 gm of the dried feces was weighed into a 
platinum dish, 25 c c of a 10 per cent solution of C. P sodium carbonate 
added and the whole evaporated to dryness on the water bath, then gradu- 
ally incinerated, avoiding red heat The cold ash was extracted with 
dilute nitric acid under a watch glass, the residue heated until white, 
the acid extract added and the whole evaporated to dryness, then heated 
to 110 for two hours, taken up in dilute nitric acid, filtered and precipi- 
tated with silver nitrate solution. Wlien cold and the precipitate had 
settled, the silver chlorid was filtered through a tared Gooch crucible, 
dried at 120 C and weighed The four samples analyzed gave the follow- 
ing chlorin values for 1 gm of dried feces 

I 0 0099 III 0 0150 

0 0101 0 0143 

II 0 0215 IV 0 0062 

0 0212 0 0060 

The maximum error was 0 070 chlorin for 100 gm of the dried feces 

Phosphorus was determined according to Neumann, as in the case of 
the urine and food The maximum error was 0 040 gm of phosphorus 
for 100 gm of the dried feces 

Sodium and Potassium — The same method was used as for urine and 
food The maximum erior was 0 040 per 100 gm dried feces, for sodium, 
and 0 050 per 100 gm dried feces for potassium 

Calcium and Magnesium — ^Dry ashing was resorted to The subse- 
quent steps were identical with those previously described under the 
calcium and magnesium deteimination in the food The maximum error 
for calcium was 0 028, and for magnesium, 0 024 for 100 gm of dried 
feces 

V PROTOCOLS 

(See Protocols 1 and 2) 

VI DISCUSSION 

Having selected a diet qualitatively similar to that administered by 
Fohn ^2 metabolism experiments on the normal man, we have the 

opportunity of comparing our results, to some extent, with his 

Total Nitrogen The nitrogen ingested was fairly constant through- 
out the experiment, the average daily mtake ranging between 19 13 and 
19 51 gm The average daily excretion during the fore-period was 
15 26 gm in the urine and 4 07 gm in the feces, i e , about 21 per 
osnt of the total nitrogen excreted appeared in the feces There was, 
therefore, a positive balance or nitrogen retention of 0 85 gm N for the 

24 Wolff, C , and Osterberg, Emil Biochem Ztspbr , 1910, xxix, 429 
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THE AROUIVES OF INTERNAL MEDICINE 


whole peiiod During the second part of the fruit juice peiiod 16 98 gm 
ueie excieted pei diem in the mine, while onlj' 1 45 gm (or 7 8 per cent 
of the total IST) was present in the feces A more maiked positive balance 
(3 54 gm foi the period) was present after the administration of mange 
juice Laurenti"'^ has recently founds following tlie admmistration of 
various fruit juices, an ineiease m the output of both the total mtrogen 
and the uiic acid in the mine, though no mention is made of the analyses 
of the feces or of the food in the abstract of his paper In our case the 
urine nitiogen was incieased duiing the fiuit juice period but this was 
counterbalanced by the diminution of the nitiogen m the stools 

Ammonia Nitrogen The ammonia nitrogen was slightly increased, 
both lelativelj’’ and absolutelj^ but no maiked difference between the 
periods is noticeable The average dailj'^ ammonia-nitrogen excretion for 
Peiiod II was 0 84, for Peiiod lY, 0 99, as compaied with Polin’s average 
of 0 70 The ammonia coefficient was 5 5 for Peiiod II and 5 8 for 
Period lY Polin’s aveiage was 4 3 From these data one can unques- 
tionably exclude an acidosis, as is claimed bj^ Wright 

Total Acidity The total acidity of the urine was somewhat lower 
for the fruit juice period, 587, as compared with 613 8 for the preliminary 
period Folin’s aveiage was 617, and his mmimum aciditj^ 654 

Sulphur Metabolism This was rather unusual With the exception 
of one day, more sulphur was eliminated than ingested At fiist we 
attributed this result to an analytical eiior, but further control determi- 
nations substantiated this finding During Periods II and lY, respec- 
tively, an aveiage daily loss of 0 36 and 0 S9 occuried, leading to a minus 
balance of 1 83 and 1 46 gm of sulphm for Periods II and lY, respec- 
tively, whereas the nitrogen balance was positive for both periods The 
dailj'- sulphm eliminated with the feces during Period II was 0 36 gm 
or 31 9 per cent of the total Of the sulphur eliminated during the 
fruit juice period only 0 14 gm were passed per rectum This amounts 
to 8 5 per cent of the total sulphm elimination For want of material 
we were, unfortunate^, unable to examme the sulphur partition 

Chlorin The chlorin ingestion was fairly constant, 6 47 gm during 
Period II and 6 70 gm during Period lY being the average daily mtakes 
The urinary chlorin excretion was practically similar for both perio s, 
being 5 9 gm Folin’s daily average was 6 1 Here, again, we have the 
better utilization durmg the fruit juice period for only 0 30 gm were os 
through the feces, i e , 3 1 per cent of the chlorin eliminated, w 
durmg the preliminary period 1 35 gm or 17 4 per cent of t e o 
chlorm excreted was present m the feces The average daiy oss or 
Period II was 0 71 gm , compared with an average daily gam of 0 61 gm 
for Period lY 

25 Laurenti, T Policlinico (Rome), 1912, xix, 625, Abstr in Jour Am 
Assn , 1912, Iviu, 452 
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Total Phospliorus The average daily intake vaiied between 2 76 
and 2 61 gm The daily urinary phosphorus averaged 1 63 and 1 90 gm 
for the lespective periods, while 1 15 gm was the average daily amount 
passed in the feces during Period II as compared with 0 76 gm during 
Period IV The balance was slightly negative throughout, 0 006 and 
0 046 being the aveiage daily losses during Periods II and lY, 
lespectively 

Sodium The aveiage daily intake varied between 4 16 and 4 31 gm 
for Periods II and IV, respectively During the former 16 2 per cent , 
and during the latter only 1 7 pei cent was lost through the feces 
During the Period II the balance was negative ( — 3 87), equivalent to 
an average daily loss of 0 77 gm During Period IV the balance was 
positive (-}- 1 73), equivalent to an average daily gain of 0 35 gm 
The sodium behaved very much like the chlorin, as one would expect 
Potassium The intake varied between the daily average of 4 17 for 
the preliminary period and 4 63 for the fruit ^uice period A much 
largei peicentage of the excretion occurred through the feces than was 
the case with sodium During Period II, 1 53 gm (or 39 5 per cent of 
the total excretion) was the average daily amount present in the feces 
During Period IV, 13 5 per cent was lost m the feces The balance 
was positive throughout, -j- 0 39 and -}- 0 47 gm being the average gams 
for Periods II and lA^, respectively 

Calcium Here the excretion took place largely through the intestine, 
as one would expect, 0 19 and 1 85 gm was the average daily excretion 
in the urine and feces, respectively, during Period II, contrasted with 
0 31 and 1 55 for Period IV The balance was positive throughout but 
greater during Period IV (0 90), as compared with Period II (0 18) 
Magnesium Here again 0 35 gm was excreted in the feces and 0 09 
in the urine during Period II as compared with 0 31 and 0 15 during 
Period lA^ The balance was negative during the former ( — 0 06) and 
positive during the latter (-f- 0 06) periods 

VII CONCLUSIONS 

As this IS the first accurate study of the metabolism of scurvy, it 
ivould be hazardous to venture any conclusion from the above figures 
In our experiment the loss of the various food constituents through 
the feces was less when the fruit juice was added to the diet The total 
sulphur metabolism was abnormal throughout Chlorin and sodium were 
letained during the fruit juice period, but excreted in excess of the intake 
during the pieliminary period More potassium, calcium and magnesium 
were retained during the fruit juice peiiod 

If an opportunity presents, we hope to acquire additional data and 
possibty substantiate the above figures Pinalty, we take pleasure m 
thanking Prof H A Lafleur for his kind permission to study the case 
in his ward, and Prof E P Euttan for the use of the laboratory, and for 
■^aiious pertinent suggestions 



TUBEECULOSIS OF THE SPLEEN ' 

M C WINTEENITZ, SI D 
Associate m Pathology Johns Hopkins University 
BALTUIORn 

Tuberculosis of the spleen ma} be luimaij or secondai}" By piiinaii 
it lb not meant that the spleen is the poital of entiy of the oiganism^, 
or even the first tissue of the body in which the disease manifests itself^ 
but that the diseased process may localize itself m the spleen and not 
only bring about various lesions but act as a focus foi dissemination 
of the bacilli, while the oiiginal focus maj be healed entirely It is 
this t}pe of the disease which we may speak of tentative!) as piimaii 
tubeiculosis of the spleen It oceuis most fieqiienth in adult*? mai 
manifest itself as seveial distinct clinical t)pes and is ehaiacterized 
by rather typical s)Tnptoms and signs In many instances the individual 
mat be cured by splenectomy 

A brief leview of the occiiiience and pathological anatomy of 
secondary tubeiculosis of the spleen vill make ceitain phases of oui 
subject cleaiei 

SECONDARY TUBERCULOSIS OF THE SPLEEN 

A Occuiieiice — Secondaiy tubeiculosis of the spleen is bv no means 
uncommon Cruveilluer consideied that ne\t to the lymphatic glands 
the spleen was the abdominal organ most often affected ivitli tubeiculosis 
As a means of emphasizing this he aptl) compared the spleen to the lungs 
the first being to the abdomen what the second ai e to the chest Eeinhold, 
quoting from the compiled statistics of the Univeisity of Kiel, fiom 1873 
to 1889 as published in the Theses of Simmonds (Kiel 1879), Schwei 
(Kiel, 1884), Boltz (Kiel, 1890), Plambeck (Kiel, 1885), and Haman 
(Keil, 1890), says that of 438 cases of tuberculosis in childien fiom 

0 to 15 years, the spleen was affected 380 times (66 7 pei cent ), and of 
836 cases of tuberculosis in adults from 16 to 90 years the spleen was 
affected 160 times (19 1 pei cent ) Caseous masses aie much less fie- 
quent, and quoting from the same statistical records, the) occuired in 
5 7 per cent of tuberculous children (twenty-four out of 431), and in onh 

1 3 per cent of adults (ten out of 836 cases) Papavonie reported the 
occurrence of splenic invohement in twenty out of fifty cliildien dead of 
tuberculosis, or 40 per cent Eillet and Barthez give a lower piopoition, 
finding only 107 eases of splenic involvement out of 313 cases of tubei- 


"'Manuscript submitted for publication March 1, 1912 
" From the Pathological Laboratoi v of the J ohns Hopkins Uni'v ei si v 
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culosis in cluldien Of these it occurred ti^o and one-half times more 
frequentl}^ in ]) 0 } s than in giils 

B Pathological Anatomy — The patholog}' of secondary tnbei culosis 
of the spleen has been leviewed by Bezangon He sa 3 ^s the condition of 
the spleen is extremely variable in the different types of tuberculai 
infection In the giannlar form in which the tuberculosis occurs as an 
acute geneial infection comparable to typhoid fever for example, the 
spleen is invaded by the bacilli of Koch, and is piofoundly altered in its 
structure, as are all the other organs of the bod} On the contiaiy, vhen 
the tubei culosis is localized in either the viscera, glands oi skin the spleen 
either does not contain the bacilli or contains them in small numbers 
The lesions then are much slightei and are due to toxins liberated b} the 
tubercle bacilli or other organisms, secondaiy invaders, for instance, which 
are associated with the tubei culosis 

1 The Spleen in Acute Genei ahzed Tuhei culosis 

The fundamental chaiacteristics of the spleen in this t}pe of the 
disease are hypertiophy and the piesence of miliary gianules in its paren- 
ch}Tna In the cases observed by Bezangon, the oigan attamed the weight 
of 400 to 1,000 gm If the disease has been very acute the spleen ma^ be 
exactly like a t\phoid spleen, it is either firm and lesistant vith a dis- 
tended capsule, or it is soft and diffluent The surface is red On section 
nuineious tnbeicles may be seen, oi the} may be so small that they aie 
invisible to the naked e} e When death follows less rapidly, these nodules 
are laiger and give the organ a mottled appearance, caseous yellow areas 
being interspersed throughout the congested pulp Histologically the 
pictuie varies likewise Befoie the caseous masses are evident the spleen 
IS a picture of great congestion, the sinuses are tremendous!} disteuded 
with blood and in some places true apoplexies occur as in typhoid fevei 
Even phagoe}'tes laden with red blood-cells occur in abundance The 
malpighian coipuscles may be little changed or they may show in then 
interim, epithelioid cells and occasional giant cells Some mai diov 
caseation Later in the infection most of the malpighian corpuscles seem 
to have vanished, in realiti they have become the seat of tubei cle= Tlic 
tubercles develop at the side of the central artery and are in general rare 
in the pulp Thioughout the pulp there is a great mcrease in leukoc}dc= 
These often =how division Maciophages are rare, and phagocitosis not 
abundant The congestion is intense, and hemorrhages raa} occur 

When death fiom acute tuberculosis is slower, the spleen is different 
The malpighian corpuscles are replaced by large tubercles The=e are 
composed of caseous masses nuclear debris and a few epithelioid and 

1 Bezancon’s report is giien in creat detail in Benders article Ga' d luip 
1000 K\ii 37o, fiom ivhicli the following rerieiv nas obtained 
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giant cells These tubeicles inaj’- show practicall}'’ no leactive piocess at 
their peiiphei)' The tissue of the pulp between the tubercles is engorged, 
and the lymphatic cells of the pulp have entirely disappeared There 
lemains then only the hbro-areolai stiuctuie, engoiged with blood 
Tubeiclc bacilli occui in such spleens in abundance 

2 The Spleen m Localized Tiihei culosis 

In pulinonan tubei culosis of adults the spleen is raiely hypeitrophied 
More otten it is diminished in volume, atrophied and indurated Tuber- 
ciilai lesions aie lare, but may be found in the form of miliary oi caseous 
conglomerate tubercles In some cases of pulmonaiy tuberculosis there 
may be an increase in the volume of the spleen vithout any tuberculai oi 
amyloid infiltiation This is due to secondaiy infection In young 
childien the spleen is increased in size, even in the chronic form of tubei- 
culosis fLandouzy and latei Queyrac) 

PRIMARY TUBERCULOSIS OF TME SPLEEN 

The above desciibed types of secondary tubei culosis of the spleen 
remained foi a long time the onlj lecognized conditions Just as it had 
been considered that the spleen was the abdominal organ of predilection 
foi the localization of secondary tuberculosis, so it was thought the spleen 
could not be the seat of a primaiy infection Gradually, however, with 
the appearance of isolated case lepoits by Coley, in 1846, Moneriet in 
1859, and otheis, a condition began to be lecognized m which at autopsy 
only a severe tuberculosis of the spleen with practically no involvement of 
the oigans and tissues usually affected by the disease, occurred Pi’om the 
publication of case reports, the loiowledge slowly graduated with moie 
detailed studies, such as the one of Quenu and Baudot In 1898 these 
authors collected five cases, including one of their own, of the nature above 
described They described clearly this new chapter in pathology and 
emphasized paiticularl}’’ the possibility of curing this condition by extirpa- 
tion of the spleen This was of particular interest, since it had been 
generally supposed that tuberculosis of the spleen was practically always 
secondary, and could therefore never offer a condition for the application 
of therapy (Litten) 

Still another phase was added to this subject by Eendu and Widal 
in 1899 These authors desciibed a symptom-complex including tuber- 
culosis of the spleen, polycythemia without leukemia, and cyanosis 

From this time on the subject was enriched, not only with case reports^ 
but with reviews of the literature and discussions of the sjunptoms an 
therapy of the condition The French writers, especially, have been 
prolific in this field Bayer, the onlj’’ German author who has wri en 
in an)’’ detail on this subject, succeeded in 1900 in collecting nine oper 
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ative caseSj with seven lecoveiies, including one of his own, and nmeteen 
autopsy cases He emphasized the importance of splenectomy, and also 
the relative importance of polycythemia and cjanosis 

In the American literature there esist only the excellent case reports 
by Hayden, 1897, and Stewart, 1901, and the doubtful case by Biggs The 
subject has assumed considerable importance of late years, and numerous 
cases have been reported by both the French and Germans All of the 
cases published (except a few inaccessible ones) are mcluded in the 
accompanying table, which has been made rather elaborate in the hope of 
presenting them in a more readily accessible manner ^ 

It will be seen at a glance over the table that in order to accumulate 
these fifty-one cases it has been neeessar}^ to assume an extremely liberal 
attitude In many instances the detail has been so meager that a strict 
judgment of the case has been impossible The vast majority of the cases 
aie definite instances of massive tubercular involvement of the spleen 
without any marked involvement of other viscera Then there are cases 
such as Stewart’s and Golet and Gallivarden’s in which the notes are m 
sufficient detail to confirm the author’s statement that the other viscera 
which were the seat of tuberculosis at autopsy became involved after the 
spleen It is these cases particularly that necessitate hesitancy in discard- 
ing other similar instances, such as the cases of Olmer, Yigoroux and 
Golet, etc, in which the clinical details are insufficient Then there aie 
those cases which remain much in doubt, such as the one reported by 
Biggs and extensively quoted throughout the literature Biggs’ repoit 
IS very brief and obscured by the following sentence Hn other parts of 
the body the tubercles also showed a tendency to grow to an unusual size ” 
There remains another group of cases in which the autopsy record is 
insufficient, such as those of Aubertm and Eollin, or totally lacking as in 
the cases in which the patients recovered after operation, etc 

Nevertheless, each one of these cases has been included by some writer 
in his review of the literature, and since the most inclusive report thus 
far IS that of Bayer, who only has twenty-eight cases, seveial of which 
such as the one of Gaile, are extremely unsatisfactory, it seems the more 
woith while to gather all the cases together 

It should be mentioned that there are cases published under vaiious 
titles which probably belong to this group Sternberg,® for mstance, 
includes seveial eases of massive tuberculosis of the spleen with onli 

2 There are several other cases listed in the literature which probably should 
be included m the table These have been inaccessible They are 1 Carbone 
Rassegna de Sc Med Modena 1901-2, xvi, 96, 2 Fredga Upsala Lokaref Forb 
1901-2 N F vii, 434, 3 Romanoff Russk Viach, St Petersb 1902,1^1477 ^ 
Brunker Rev m4d et pharm de I’Afrique du Jsord Alger , 1899, ii 07 

3 Sternberg Concerning a Peculiar Form of Tuberculosis of the Lymphatic 
Tissue Running a Course Similar to Pseudoleukemia, Zt=chr f Heilk , 1898 
\i\ 20 
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slight glandular oi pulmonai} mvohement, which perhaps ma}^ belong 
to the type of tubeiculosis uhich is included in this paper It would lead 
too fai and involve an unfiuitfiil laboi to anal57e these furthei and foi 
the piesent puipose the cases in the accompanying table will suffice 

ANALYSIS or T^UBLE 

Age and 8c % — The following tabulation lepresents the age in decades 
of the foitj-five cases in uhicli it is stated 


-\ge Pei lod 

Xo of r,T5es 


Fein ales 

Unl^noiMi 

1 10 

5 

> 

> 

1 

1 

10 20 

3 

1 
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0 

20-30 

12 

J 

8 

1 

30 'to 

10 

5 

5 

0 

-10 50 

() 

1 

2 

0 

50 00 

2 

3 

0 

0 

GO 70 

5 

o 

2 

0 

70 SO 

1 

1 

0 

0 


It 1 = evident that while the disea'^e ma'^ occui at am age, the 
limits 111 the above tift 3 '-one cases being 1 leai (Coley) and SO leais 
(Romanoiv) by fai the gieatei number occui in adults between the 
ages of 20 and 40 (50 pei cent ) The eases aie evenh distributed 
between the turn sexes It is stated in foity-foui instances, and of these 
there aie twent^’-two males and twenh-two females 

Race — This is onl} stated positnely in thiee instances Two of these 
were eoloied individuals and the othei white 

Symptoms of Onset — These wcie given in thiity-nine of the fifty-one 
cases Pam in the splenic region occurred seven times (18 pei cent ) 
Tumor alone eight times (20 5 per cent ), and pain and tumoi thiiteen 
or 33 3 per cent If these be added theie wull be tw^enty-eight cases, 
or 71 79 pel cent in wdiich eithei pain oi tumor in the splenic region, 
01 both, weie the symptoms of which the patient complamed In seveial 
mstances the pain was moie definite as in Case 47 (Pranke) in which 
theie was pain on sitting or in 51 (Strehl), in which there was pain on 
eating, oi 50 (Fischer), in wdiich the pains radiated down the left side 
The pain in these cases is explained b} the pressure of the enlarged spleen 
on the surrounding structures, especiall}'^ when these are brought in closei 
contact, as, for instance, when the stomach is dilated with food oi when 
the abdominal contents are brought closer in contact on sitting In the 
same w^a^ the gastric distuihances wdiich occurred in six casc^ oi the 
1 espii atoj y disturbances in tw^o cases are to be explained Loss of iveigM, 
loeaTcness, and lassitude w^ere stiiking features of the eaily part of the 
disease, in ten, two, one, and one instances respectively 

In striking contrast to the above group is another in which the 
symptoms of onset were much moie seveie and characteiistic of an acute 
infectious process This is illustiated in Case 4 (Seharold) in whici 
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theie ’Pras fever, sweating, cough and collapse, and in Case 12 (Stewart) 
in which there was fevei, backache, and splenic enlargement This gioiip 
IS much smaller than the first group 

Between these two types there are a few cases which can hardl}- be 
classified with either, for their s 3 '^mptoms were neither as chronic as 
those of the first group nor as acute as those of the second Our own 
case and the cases of Brute and Eeinhold are of this type The sj^mp- 
toms of onset were loss of weight oi appetite, lassitude, anemia, fevei, etc 
In Case 4 (Courmont, Tixier, and Bonnet) the enlargement of the 
cervical glands was first noticed, and in this way it is an exception to the 
other cases It will be seen, however, that in most instances there was 
some glandular enlargement, and for this reason the ease is no marked 
exception 

Cowse — The duration of the disease varied within wide limits Of 
the thirty-eight instances in which it is stated, the shortest illness was 
in the case of Scharold, in which death occurred in seventeen days Then 
follow the cases of Stewart and Bloch, which also had a short course 
Ba 3 "er^s case was of short duration, but since splenectomy was followed 
b 3 recoverig it is impossible to say what the further course of the di'^ease 
might have been Just so in Hagams case, for it was impossible to 
remove the spleen at operation, and it is possible that the partial removal 
may have disseminated the infection and influenced its subsequent course 

In the next group of cases, including those of Brute, Moutard, Martin 
and Lefas, Eeinhold, Palumbo, van de Vilde Coosemans, Olmer and oui 
own the duration varied from six to nine months As a rule the s 3 Tnp' 
toms of a general infection were much less evident in these cases In a 
laige ma 3 orit 3 ’ howevei, the course was ver 3 '’ chronic, characteiized hi 
enlargement of the spleen and pam in the left hjpochondiiuw Tumor 
of the spleen ma 3 ’ have been present for a long time — fourteen i ears 
in Cominottfis case and eight i^ears in the cases of Eendu and TFidal 
and Auche 

CLIXICAL EVIDENCE OF TUBEBCULAR INVOLVEJIENT OF OTHER 

ORGANS OR TISSUES 

Lungs —In forty of the fift 3 ^-one instances a note on the lung wa= 
found Of these for tv the clinical findings weie negatiie in twenti 
instances (50 per cent ) A quiescent lesion was found in three oase=: 
(7 5 per cent ) and signs of pulmonar}* involvement developed vhile 
under observation in three eases (7 5 pei cent ) There uas a chronic 
pleuiiST in two cases (5 per cent )^ lales in two cases (5 per cent ) cough 
in one case (2 5 per cent ) bronchitis in one case (2 5 per cent ) and 
extensive pulmonar 3 ' involvement in five cases (12 5 per cent ) three 
of these cases developed signs of pulmonarv involvement after the =plenir 
involvement had been demonstiated In tlie other two case= the auJior- 
consideied the splenic involvement as antedating the pulmonan 
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Lym'pli-N odes — T]ie lymph-nodes are mentioned m thirty-five cases 
The} weie normal in tiventy-nine instances (SS 8 pei cent ) In one 
instance a gland in the supraclavicular fossa developed while the patient 
was under observation, and m five instances (14 per cent ) there was 
definite enlaigement of the lymph-nodes when the patient came under 
observation 

Blseiolicic — In thnty-seven cases the reports are complete enough 
to deteimine whetliei there was any definite tubercular piocess else- 
wheie In eighteen of these (48 6 pci cent ) there was no clinical 
evidence of other involvement In seven (18 9 pei cent ) the liver was 
enlarged, in five (13 5 per cent ) there was ascites (Ttvo of these cases 
were un associated with livei enlargement ) In one (2 7 pei cent ) theie 
was a chronic vulvar ulcer considered as a probable source of the infec- 
tion, m one, canes of the spine, m two meningitis (Stewart’s case devel- 
oped meningeal sAmptoms as a teiminal event, while m the case of 
Courmont, Tixiei and Bonnet, this is not definitely stated) and in one 
theie Aveie intestinal ulceis (In thise case, reported by Vigoroux and 
Colet, the authors eonsidei the pulmonary and intestinal lesions to be 
acute and secondaiy to a chronic involvement of the spleen ) 

Of the fifty-one cases no mention is made concerning pulnionaiy 
glandulai or other involvement m nme cases (17 per cent ) and they 
are reported as negative in ten cases (19 per cent ) 

Fevei — In nineteen cases theie is no note concerning the temperatuie 
In the other thirty-two cases the tempeiature was normal seven times 
(21 87 per cent ) In eight cases (25 per cent ) fever is stated as occur- 
iing, in two cases (6 25 pei cent) it occurred at times, in thiee cases 
(9 38 pel cent ) it ivas inteimittent while in eleven cases (34 37 per 
cent ) it Avas a septic type with evening exacerbations In one othei case 
the tempeiature Avas subnormal 

Blood — A note on the blood Avas found in twenty-six instances It 
AAas normal nine times (34 61 per cent ), anemic eleven times (42 30 pei 
cent), and pol}C}themia occuired six times (23 08 pei cent) The 
anemia Avas not marked in any instance, the lowest red count being 
3,200,000 Inciease of led blood-cells was very stiiking in several 
instances and reached 7,000,000 in one and 8,200,000 in another In the 
lattei case the Avhite blood-cells were also increased, 31,428 As a lule 
the AA’^hite blood-cells Avere not inci eased, and their variations seem totall} 
independent of the number of red blood-cells 

SlcxTi — A note on the skin occurred only nineteen times It was said 
to be normal m color in two cases (10 5 pei cent ), pale in seven (36 84 
per cent ), eaithy in one (5 3 per cent ) , purpuia and ecchymoses each 
occurred once, icterus twice, and cyanosis five times (26 3 per cent ) 
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Result — Thiity-four of the cases were disco-veied at autops}, the 
remammg seventeen at operation Of these seventeen, ten patients (58 8 
per cent ) recovered, five died (one four and one-half months after oper- 
ation), and in two the result is not stated 


ANATOMICAL EVIDENCE OF TUBERCULOSIS 
Spleen — ^Weight The weight varied greatly, the lowest weight was 
150 gm , in a 14:%-yeai-old girl reported by Lefas, while the highest was 
3,780 gm in the ease of Eendu and Widal The following tabulation 
will show the weight in thiity-one cases in which it was recorded 


No of Cases 


Gm 


8 150- 500 

5 500-1,000 

6 1,000-1,500 


No of Cases 
7 
2 
3 


Gm 

1,500-2,000 

2.000 3,000 

3.000 4,000 


Appearance While the appearance of the spleen was very varied, the 
limited space in the table allows only a few words, and since the pathology 
of the various types of the disease will he discussed at length below, it 
will suffice here to say that in all but four cases the spleen was the seat 
of either tubercles of varying sizes or large caseous masses Of these four 
the cases of Cominotti and Delore showed only a great enlargement of the 
spleen and extensive fibrosis In neither case is the evidence absolute 
that the spleen was the seat of a tubercular process In Colej’s case 
the spleen was not only much enlarged but also showed numerous hemoi- 
rhages The only evidence that it was tubercular is in the title of the 
author’s communication In Hamilton’s case there was a large cyst which 
proved microscopically to be a bioken-down tubercle 

Of the positive cases, fourteen showed tubercles which were for the 
most part conglomerate, while twenty showed numerous large caseous 
masses which in several instances attained the size of an orange In one 
case there were hemorrhages and tubercles, while in three cases there 
was not only extensive tuberculosis but also fibrosis Of the fift 3 ’-one 
cases the gross appearance was more or less characteristic in thirty -nine, 
doubtful in three and not mentioned m nme 

In the analysis of the findings in the liver, Ijanph-nodes, etc , to follow, 
it will be necessary to bear in mind that only thirty-four of the cases came 
to autopsy 

Livei — In eighteen instances (36 38 per cent ) there is no note on 
the liver, only thiee of these were autopsy cases, of the remaining thirt}- 
tlnee, nine (17 64 per cent ) showed normal livers and twenty-four (47 
per cent ) showed positive evidence of tuberculosis of the livei 

Lymph-Nodes — In twenty-three instances no mention is made of the 
l3Tnph-nodes , six of these were autopsj’ cases In twelve cases with 
autopsy^ the glands were uninvolved, while m sixteen they were involved 
mesenteric ten times ceivieal three times bronchial twice splenic once 
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Lungs — Theie are twentj-one cases in winch no note on the him is 
found, thiee of these weie autops}^ cases The lungs weie negative in 
sixteen instances Calcified nodnles occuired six times, and definite tuber- 
culosis nine times, in seveial the involvement was extensive In five the 
evidence that the pulmonai-^ involvement was secondary seemed to be 
conclusive 

Elsetulieie — In nineteen cases including thiee autopsies there was no 
mention of tuboiculous involvement of any othei organ Of the remain- 
ing thiit3^'thiee cases, eleven weie negative, in eight the peritoneum oi 
omentum was involved, the veitebrm in one, tlie initial valve in one etc 
The tubeiculosis of the spleen was the only involvement found at autops} 
in onl] one instance (Seharold), while the disease was confined to the 
spleen and liver three times (Biute, Eomanow and Bums) 

Tuhdch hacilh were looked for in tuent}-foui of the fiftj'-one ea^es 
Of tlie'je twentj'-four, seventeen ueie positive and onh ^even negative 

SUjMXLiVRT 

Theie aie fifti'-one cases of so-called primai} tubeiculosis of the spleen 
included in the above table, beside these, seveial others, which were inac- 
cessible, aie omitted except foi leference The large numbei of obseiva- 
tions make it necessai} to altei the conclusions of other writers m many 
respects, but ivithout going into these differences which only occui as a 
result of a moie complete survey of the liteiatuie, the table may be briefly 
summarized as follows 

So-called primaiy tuberculosis of the spleen occurs most frequentlv 
between the ages of 20 and 40 , but may occur at an} age, the limits being 
1 year for the joiingesi and SO yeais for the oldest individual 
It is equally distributed between males and females 
The onset of the disease is characterized eithei by pain oi tumoi or 
both in the splenic legion (ovei 70 per cent ) In a few mstances these 
s5^mptoms aie associated with gastiic oi lespnatoij' distuibances loss 
of weight weakness or lassitude These cases, as a rule have a chronic 
course In contrast to the above gioup theie is anothei in which the 
S3anptoms of onset aie much moie striking and characteristic of an 
acute infectious pioeess These have the following S3 mptoms-eomplex 
collapse, fevei chills, backache, etc, and lun an acute course Theie 
remains still another gioup in which the s3Tnptoms of onset and the 
course aie intermediary between the above two groups 

The blood picture is very inconstant Both the red and white blood 

cells ma3f be normal increased or decreased 

The skin may be normal, pale, c3fanotic, 01 icteric Pnipuia or 

eeehimoses also ma3'^ occui 

Death invariabl3" follows if the spleen is not removed In the^ ca=e^ 
in which spleneetomj^ was performed, the results aie lemarkable, 50 nei 
cent recovered 
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The spleen may be tremendously increased in size and weight In the 
majority it weighs between 1,000 and 2,000 gm 

It may be studded with miliaiy oi conglomerate tubercles oi with large 
caseous masses even as large as an orange These may soften and lea^e 
cysts lined with caseous material, oi thej may be partly or completely 
healed 

In SO-yiei cent of the cases in which the liver was examined it showed 
tuberculosis In 57 per cent of the cases m which the glands were 
examined, more oi less tubercular glandulai involvement was found 

In 40 per cent of the cases examined the lungs showed evidence of 
tubeiculosis In 16 per cent there were healed nodules^ while in 24 per 
cent the process was still active 

Tuberculosis was found elsewhere in 66 per cent of the eases Onh 
one case showed the tuberculosis to be confined to the spleen and in three 
cases, only the spleen and liver weie involved 

CLASSIFICATION 

Various classifications have been suggested from time to time by 
different authors, most of which are based on the distribution of the 
tubercular processes in the body The following one, first emphasized 
by Collet and Gallivarden, and later by Block, Palumbo, and Lefas, 
lemaiiis the most satisfactory These authois divided the cases into three 
groups (1) splenic (2) spleno-hepalic, (3) spleno-hepato-glandular 
The names in themselves are sufficiently explanatory and simply indicate 
the organs involved by the process There are cases which belong to each 
type Scharold’s case is the only one in which the evidence is sufficient 
to include it in G-roup 1, and the cases of Brute, Komanow and Bruns mai 
be included in Group 2 The case of Coniraont, Tixier and Bonnet and 
oui own case are instances of Group 3 

There remain, then, the vast majority of cases which do not stricth 
conform to any of the three types suggested bj’^ Colet and Gallivarden 
The more carefully one searches, the fewei cases will belong to Group 1 
and Gioup 2 and the more to Group 3 Any anatomical classification 
would be somewhat unsatisfactoriy and since all the tjpes above described 
may run either an acute, subacute or chronic course, it seems that it 
would be of advantage to divide the cases into these three forms 

Acuie Type —The acute cases are so few in number and have been =o 
little emphasized that a short abstract of a few typical instances will be 
given 

Scharold’s case was that of a health}’ conrict who was suddenh seized 
with simptoms suggesting an acute overwhelming general infection 
There were hisrh fevers prostration headache, cough epistaxis diarrhea 
letcntion of urine, delirium and general cyanosis Tlie spleen wa^ 
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gieatly enlaiged Death oocuned on the seventeenth da} htecioiosy 
showed a tnbeiculosis limited to the much enlaiged spleen 

Stewai t’s patient ivas a nurse uho took ehaige of a man, ill of tiibei- 
culosis, thiee weeks aftei she had lecoveied fiom an attack of giip 
Within two ueeks she became ill uith chills, fevei and backache, and hei 
illness teiminated fatally on the si\t}-eighth da} On the hist evamma- 
tion, ten days after onset of the illness, tlie spleen ivas maikedly enlaiged 
The chest uas negative until tvo weeks befoie death, when fine lales 
became evident in both lung': On the thiit} -sixth da} tvo nodes iveie 
palpable in the left supiaclaMculai fo'Jsa and on the fift} -eighth da} theie 
vas evidence of meningeal iinohement 'J’he autopsy shoved massne 
tubeiculosis of the spleen diftuse miliai} tnbeiculosis of the livei and 
lungs, caseous supiaclaviculai l}mph-nodes and tubeieulai meningitis 
While Stewait could not demonstiate that the infectious piocess vac 
limited to the spleen in its eaih couise ^ot he belieied that it was fan 
to assume this in viev ol the s\ mptoniatolog} and liiston of the case 
These tuo cases vill sufiite to ilhwtiale the clinical aspect*: and comse 
of the ''mall gioup of acute cases 

The siibacuie cases aie likevise laie, and in oidei to illustrate them 
moie clearl} the folloving obseivation inai be cited The leport will be 
detailed, since it vas the inspiiation of the papei and has not been 
picviousl} recoided 

CASE REPORT 

Htsioiy — T }V P Medical No 27,5CG WJnte male, aged 34 enteicd tlit 
service of Di Baikei June 24, 1911, complaining of feiei lie had liad tlie usual 
diseases of childhood (measles mumps, vliooping cough) vhich lan uneientful 
courses and veie not follovcd In ain complications Eleien Aeais befoie admission 
he had an attack of astlima vliich lasted about one month 

The piesent illness began in Octobei 1910, about nine months befoie adinis 
Sion It was characterized bj attacks of lassitude chilliiieS'5 fe\ci loss of appe 
tite, pain in the back and joints of the legs, and jaundice Hiese attacks lastea 
fioni a week to tw^elve dajs and wcie of inci easing seveiitj 

Physical Examination (Di Clough, June 28) — Ihc patient is een spaiselv 
nourished and shows marked loss of w'eight The sclera; are slightly jaundiced, 
the skin of the entiie body is sallow' and pale, theie is niaiked enlaigeinent of 
the ceivical glands on the light, especially those on the outei end of the claMcle 
which vaiy fiom 5 mm to 2 cm in size Thev aic disciete, not tendei, fiim 
and not adherent to the skin oi undoilying tissue Ihe subinaxillaries aie just 
palpable, also the epitiochleais and axillaiies Inguinals aie not enlaiged 
Thoiav The left clavicle is slightly moie pioininent than the light The 
light side moves moie freelv than the left The peicussion note is a little shoitei 
just below the left clavicle There is a little pioloiigation of expnation abo%e 
and below" both clavicles, pai ticulai ly on the light No i Tiles aie heaid Ilie 
peieussion note is a little less lesonant in the right supiaspinous fossa and also 
opposite the fifth spine on the light Theie is no special change in the bicatli 
sounds 

The lieait is not enlaiged The sounds aie cleai except foi a soft sistolic blow 
which IS not transmitted and is loudest at the base 

The abdomen is a little full, especially in the epigastiium Theie is no 
tenderness The livei edge is not felt The dulness reaches the costal inaigin 
The spleen is easily felt, leaches 5 cm below the costal raaigin and is leij fiim 
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Di Clough concluded that the condition was one of the following the first 
being the most likelj 

1 luberculosis of the lymph-nodes and fibrous lesions of the left ape\ 2 
Hodgkin’s disease 3 Estn o-autumnal malaria 4 Lucs 

On June 27 Widal and Wasseimann reactions were negative, the led blood- 
cells 3,800 000, white blood cells 5,400, hemoglobin 55 pei cent (Sahli) The 
differential count vas as follows 

Polymoiphonucleai neutiophils 81 pei cent 
Polymorphonuclear eosinophils 5 pei cent 
Lymphocytes 15 per cent 
Large mononuclears 2 per cent 
Tiansitionals 1 5 pei cent 
No parasites are to be made out 

Examination of stools and ophthalmoscopic examination negative Calmette 
tuberculin reaction negative Blood-culture negative 

On July 1 the following note was made by Dr Futchei Fevei of a continu- 
ous type The patient is veij sallow, almost the color of a patient with pernicious 
anemia The conjuuctivie have a distinct icteric tint, and the skin of the entire 
body is icteiic Theie is no general glandular enlargement There is, hovexei, 
a group of enlarged glands in the light supraclavicular fossa vhich vaiv from 
1 to 2 cm in diameter The livei dulness extends 2 5 cm below the costal margin 
At this point the edge is indistinctly felt The spleen is distinctly enlarged, firm 
and the edges are felt, with the patient on the right side, 4 cm below the costal 
niaigin Examination of fresh blood shows a moderate grade of palloi of the 
individual red cells, wuth a striking variation in size (microcytes and maciocvtes), 
much poikilocytosis and a maiked leukopenia No malarial parasites are seen 
after a prolonged search Impression enlarged glands on the light side of the 
neck with a history of lecuiient attacks of continuous fever, anemia and leuko- 
penia suggest very strongly Epstein’s ruckfallsfieber of Hodgkin’s disease Acute 
iniliaiy tuberculosis and malignant disease must be kept in mind 

The lepoit of the ®-iay examination was mediastmitis and infiltration of iighl 
lung and left upper 

Treatment — On June 30 the patient was put on quinin gm 130 (gi 20) 
thiee times a day after meals His tompeiatuie, which w'as then 104 5 F , slowly 
fell and reached 09 F July 3 The patient felt better and was brightei 

Biopsy — July 14, a small node was lemox'ed from the neck Tlie following 
pathological lepoit w^as made bv Di Winternitz The gland shows a diffuse 
granulation tissue about the periphery This is not very vascular and contain® 
numerous fibi oblasts and mononucleai cells These areas tend to form w hoi Is 
and show^ many cells similar to epithelioid cells Toward the center the section 
becomes more cellular and small whoils show^ caseous centers Epithelioid cells 
are common but no giant cells aie to be seen Twm guinea pigs inoculated with 
an alkaline solution of sodium hypochloiate (antiformm) extract of part of the 
gland died wutliin ten days and showed no lesions Diagno«i® chiomc inflam- 
mation piobably tuber culai 

Follow'ing the qiiinin the patient’s temperatuie lemained normal foi five 
davs and again lose on Julv 10 to 103 F It remained elevated vaning fiom 102 
to 194 8 F Quinin in the =ame doses as had been given previou®lv had no effect 
on the tempeiatuie The patient’s condition gradinllv giew much woi~e He 
died July 20 1910, at 2 a m 

Neciopsy — The neciopsv was peifoimed at 9 a m Julv 20 Autop=v No. 
3570 Anatomical diagnosis Healed apical ®cai , tubeiculous Ivmphacemti 
massive lubeiculosis of spleen healed healing and fie®h tubercle® of livei 
anemia, emaciation jaundice acute pleurisv pleural and peritoneal effu®ion 
The body is that of a much emaciated white man 175 cm long The skin i ^ 
loo«e and of a jellowish hue The conjunctive are vellovv The Iv mph node® oi 
the neck are large discrete and film especially over the right cHviclr Ihe 
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abdominal cavity contains about dOO cc of a deep yellow, bile stained fluid 
The livei extends 3 5 cm below the tip of the ensifoim, and reaches the costal 
maigin in the inammillaij line Both plcuial cavities contain about 200 cc 
of fluid, similar to that m the peiitoncal cavitj The thymus is large and fatty 
It, togethei with a mass of laigc, film, elastic, but disci ete lymph nodes fills the 
anterior mediastinum 

Eca)t shous one fibrous adhesion attaching the apex to the paiietal peri- 
cardium Otheiivise it shous nothing of particular interest 

Lungs — The left pleural surface is dull and granular At the apex of the 
uppei lobe theie is a laige aiea 3 cm in diameter of thickening involving the 
pleural and subpleuial portions A few fibious strands extend into the lung 
tissue The hilic nodes are slightly enlaiged, one measures 3 cm It is discrete, 
slightly elastic and firm On section it is striated, with bands of ivory white, 
semi-tianslucent tissue, which aie separated bj depressed areas of the same 
natuie oi laielj by small yellow, opaque zones 

The light lung is similai to the left, and has an apical scai of the same 
natuie 

Spleen — The spleen measuies 20 by 15 b\ 8 cm and weighs 1,350 giams It 
IS bound down bj' a fresh, string!, friable, gia!ish-jollow exudate which only 
partly co'vers the surface Thiough this the suiface may be seen sprinkled every- 
where with jellowish, opaque dots which vary in contour and size, the largest 
measuring only about 5 cm in diameter Some of them show reddish centers 
They are slightlj’’ elevated and firmer than the intervening pulp The hilic vessels 
are noimal, but the vein is distended with blood The spleen is flabb}' On section 
the pulp IS daik brownish or puiple red and studded everywhere with nodules 
like those described on the suiface fihese occupv as much of the tremendously 
enlarged gland as the pulp itself The malpiglnan corpuscles are not risible 
The fibious tissue is not inci eased 

The duodenum contains no bile In the ampulla is a small amount of mucus 
The ducts are otherwise patent Along the upper border of the pancreas are a 
laige number of nodes lunning like a strcamei from a mass of nodes near the 
leceptaculum chyli These, as well us the enlarged lumbar nodes, have exactly 
the charactei istic of the bronchial nodes above desciibcd The thoiacic duct 
seems fiee of lesions 

Liver — The liv’er measures 32 by 28 bv 9 cm and weighs 2,850 giams Its 
capsule IS glistening, but studded bj' giay nodules and diffuse, gray capsulai 
thickenings On section its architecture is obscured In many places gray masses 
of semitianslucent, film tissue lun along the capsule These vary in thickness, 
in some places measunng only a few mm, wdiile in other places they measure 1 
cm Similar firm areas occui particularly aiound the poital vmssels and are in 
places seveial cm wide The vessels are compressed and irregulailv’" thickened 
along their intimal suiface This is particulaily tiue of the poital v'ein Beside 
these large, giay, translucent areas there aie also iiiegulai, opaque, yellow zones, 
with their periphery injected, scattered through the paienchyma These may be 
1 cm in diameter or of decreasing size to those which aie just on the point of 
visibility The lobulation of the liver is obscured greatly by these abnormal 
areas The parenchj'ma of the hvei is pale, yellowish bi own The gall blad er 
contains a dark, tarry bile 

Mieioscopio Examination — ^Mici oscopically, some of the lymph-nodes have 
large aieas of caseation suriounded by zones of cellular piolifeiation In others 
the surrounding tissue shows a diffuse necrosis involving most of the cells or theie 
IS an infiltration of cells into the gland These are large, often with lobed nuclei 
and sometimes multinucleated Many of these cells have large, pale nuclei wi 
one or more deeper staining central nucleoli and resemble the giant cell in Ho g- 
kin’s disease, but in no instance is the similarity complete These cells are, in 
general, the various types of wmndering cells found in inflammatory processes 

The spleen is mottled by large caseous zones Here they are much less cel u 
lar than in the liver and are surrounded by only a small number of round or epi- 
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thelioid cells The sinuses of the spleen between these caseous masses aie dilated 
and congested They contain many wandering cells and an occasional giant cell 
The malpighian corpuscles in many instances are converted into caseous masses 
The central aitery is often still visible as a shadow and in the smaller nodules 
reach the capsule, wheie an exudate composed of fibrin, red blood-cells and mono- 
nucleai cells is seen 

The liver is very extensively changed Thiougliout, small areas characterized 
by a central zone of coagulative necrosis and suriounded by epithelioid and 
mononuclear cells occur Many of these involve minute bile ducts and are con- 
sequently bile-stained in then centers Most of them do not attain any great 
size The larger nodules have an entirely different appearance They are com- 
posed of a gianulation tissue rich in capillaries and mononucleai cells without 
any caseation Many of these bolder on laige blood-vessels Occasionally a 
larger zone of caseation occuis in the center of such a fibrous zone In some 
areas the liver cells between the caseous masses have undergone neciosis and only 
lemain as shadows, the connective tissue still remaining conspicuous In general 
the areas of caseation are far less conspicuous than the areas of granulation tissue, 
and in almost every instance the caseous nodule is surrounded by a mass of such 
granulation tissue In many instances this granulation has become quite fibrous 
The liver parenchyma not involved by this process is somewhat changed The 
capillaries are everywhere widened, and the liver cells are atrophic 

CHRONIC FORM 

The chomc cases aie so niHnerous and form such a large bulk of the 
discussion of the foregoing table that they may be rapidly dismissed 
The onset in these is insidious, beginning most often with indefinite 
pain, accompanied b}'’ a feeling of weight in the left hypochondrmm 
This IS associated with enlargement of the upper left abdomen Later 
there may be gastric symptoms, with loss of appetite and weight, oi there 
may be dyspnea These symptoms may extend over a long period of time, 
twelve months or longer Lever may or may not be present Finally, 
after several years, as a result of enfeebled resistance, a general tubercu- 
losis may ensue 

PATHOLOGY 

The pathology of the spleen m so-called primary tuberculosis does 
not differ essentially from what occurs in secondar}'^ tuberculosis There 
are three factors which must be considered — first, the general reaction of 
the spleen to the acute infection which manifests itself as an h3rpertroph3 
and engorgement, such as occurs in typhoid fever, second, the specific 
lesions of the tubercle bacilli and their localization , and third, the repara- 
tive processes of the tissue following the injur}'’ 

It IS evident that the moie acute the process is, the more pionounced 
the first of these will be The actual lesion of the tubercle bacilli mav 
be slight if the course of the disease has been very rapid As a rule how- 
ever, the specific lesion of the ’tubercle bacillus is much more prominent 
The spleen in the acute cases is greatly enlarged, it is either firm and 
resistant, with a tense capsule, or more soft, and even difSuent It is 
studded with tubercles which may be invisible to the naked eye or as 
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large as 1 cm m diametei Tliese sliimmei through the capsule and aie 
seen on section as yellow, opaque masses suriounded by a hemorrhagic 
zone They may be blood-stained oi softened in then centei The splenic 
pulp is engorged and in excess 

Microscopicall}' the tubercles show ex-tensive necrosis and have much 
nucleai debus m then centei They may be suiiounded by a small 
numbei of lound cells oi epithelioid cells oi simph b} the engoiged 
splenic pulp Giant cells aie veiy scarce The sinuses of the pulp are 
engorged with blood and contain manv leukoc3tes and phagocytes laden 
with debris Some of these may show division The malpighian coi- 
puscles aie scarce, many of them aie the seat of caseous masses, in which 
the central aitery may ctill be evident Theie may also be a small periph- 
eial zone of lymphocytes 

Wlien the leparative pioce^^s is moie evident, as occurs m the les<5 
overwhelming infections, the h^pertiopln of the spleen may be less 
marked and the moie specific lesions of the bacteiia and the reparative 
process more definite The spleen is enlaiged, led and of a faiil}’’ firm 
consistence On section the pulp is in some excess the caseous aieas aie 
less evident and aie leplaced b} fiimei, moie shott}, «emiti anslucent 
nodules with opaque, yellow centers These nodules show microscopically 
cential caseation wath a definite peiipheial zone of epithelioid and round 
cells Giant cells are much moie abundant and the changes in the pulp 
much less marked 

Tn the still moie chionic foims the healing process vies with the 
activit}' of the tubeicle bacillus foi fii'^t place, and the lesult is a sclero- 
caseous piocess The spleen is veiy voluminous, its uppei pole is often 
bound down by adhesions due to a peiisplenitis The surface may be 
rough, with 3^ellowish piominences that vai3 fiora the size of a pea to 
that of a walnut On section the oigan is veiy firm and indurated, caseous 
masses of var3ang sizes and fibrous bands are visible in the giayish- 
brown pulp Some of the masses aie yellow’’, opaque and fiim, and sui- 
rounded by a grayish, moie translucent zone, while others are much 
softer, almost diffluent and have a cinder-gra3'^ coloi It is these latter 
nodules which may become C3'’stic b3’^ absoiption of their softened centers 
Microscopically the capsule of the spleen is thickened and composed of 
dull, fibrous tissue of a hyaline appearance Similai fibrous bands run 
into the splenic pulp and contain caseous masses within them The extent 
of these two processes — the fibrosis, on the one hand, and the caseation 
on the other — varies within wide limits, usually in inverse proportion 
The caseous masses contain some nuclear debris in their center and are 
surrounded by epithelioid cells, round cells, giant cells and fibrous tissue 
The pulp IS also piofoundl3’’ altered The reticulum is greatly thickened 
composed of dense bands of adult fibrous tissue, between which there are 
only a few^ white cells In short, the pulp is converted into an areolar 
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fibioicl tissue the spaces of which are full of blood Here and there an 
islet of white blood cells or of moie advanced scleiosis occurs Most of 
the nialpighian coipuscles have disappeaicd Infaicts too mai occm 
a le^ult of extensive hemoirhage 

DIAGNOSIS 

Jn the moie acute cases the diagnosis is the most difficult llie 
liistoi], the presence of a tubeiculai lesion elsewhere^, an enlaiged spleen 
and livei, with tendeiness 111 the left hypocbondnum, the chaiacter of 
the fevei^ the occuirence of polycythemia or cyanosis, 01 both, and the 
tubeiculm leaction, are the guides In the moie chionic cases, the 
piesence of the above factors plus an enlaiged spleen and livei and the 
absence of a leukemic blood pictuie aie of impoitance 

Polycythemia with cyanosis in lelation to tubeiculosis of the spleen 
vas first emphasized by Eendu and Widal Then repoit was followed 
within a few days by that of Moutard, Maitin and Lefas In their case 
pohcjthemia without cyanosis occuiied and simultaneoush with ^he 
luttei lepoii appeared the one of Achaid and Castaigne wheiein it 1“^ 
stated that neithei polycythemia noi cyanosis had been present Thi« 
has been the subsequent expeiience and while the presence of poh- 
cythemia oi cyanosis may be a help in diagnosis, the fact that thev may 
occui in other diseased conditions of the spleen and may be absent m 
massive tubeiculosis of this oigan, lenders their value limited Piogie'- 
sive leukopenia may occur as in 0111 case This, too, may be of aid in the 
locating the disease in the spleen 

The fevei usually runs a septic couise, but as in the case of Pahnnlio 
oui own and otheis, it may be remittent in chaiacter and closely' resemble 
the Pel-Epsiein-Rvclrfallsfiebci described foi Hodgkin’s disease 

The tubeiculm leaction has been used in so few cases that its value 
cannot be stated It should he hied bi all mcau« though in oiir ca^e 
the Calmette leaction was negative 

o 

TREATMENT 

Piiinaiy tubeiculosis of the spleen, uhethei acute 01 chioiiic j= an 
absolute indication foi splenectomy Even though the process mai ]la^e 
leached the livei^ as it does m most cases, 01 the lyunph-node'' it n 
piobable that these organs might be able to successfully cope vitli the 
proce=s weie they' not being fed tubeicle bacilli constantly through the 
poital cii dilation 

Pinally, theie are tv 0 points which deceive a word of comment Fir-t. 
in so many instances in which there has been a caieful autop"! pulmonar 
scam, old coivical adenitm etc haie been found tliat the conclusion 
becomes evident that the process m the =pleen m mo=:t often 'econdari I'l 
some old healed 01 quiescent focu= Still there aic ca=d mcl’ a- the 
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one reported by Biams, in winch despite a careful search with the above 
point in view, no lesions ei^cept those in the spleen and secondarily in the 
livei could be demonstrated Bruns feels, therefore, that an actual 
primary tuberculosis of the spleen is possible The fact that tubeicle 
bacilli may be piesent in the blood in a state of absolute lest, and that 
there may be no specific lesions of the viscera for a long peiiod niav 
explain this case Such instances, however, are exceedingly raie, as aie 
also cases of the tjpe Bruns repoit';, and as a rule the involvement of the 
spleen is secondary, even though the primaiy lesion may be veri incon- 
spicuous The prevalence of this special form of tuberculosis in adults 
speaks m favor of a secondary or moie piobably a tertiaiy involvement, 
due to an auto-infection ^ 

Secondl}’, there lemains the question how a massive visceial tubei- 
culosis such as has been desciibed may lemain localized in the spleen for 
such a long period without disseminating itself throughout the viscera 
It lb possible that the ver}' localization of the piocess may have decreased 
the likelihood of dissemination The case of Ferrand and Batheiy is of 
interest in this respect At autopsy there was a massive tuberculosis of 
the spleen, but all the other organs were free of tuberculosi': except for 
an acute tuberculai endocaiditis Tubercle bacilli could be readih dem- 
onstrated, both m the vegetation and in the heart’s blood Still theie 
were no lesions of the Mseera This explanation, however, may onlj be 
applied to the larest cases, and foi the most part we haie to deal with a 
relatively much greater distiibution of the disease, affecting particulaily 
the liver and Ijunph-nodes Courmont, in the discussion of his case of 
tuberculosis of the spleen and lymph-nodes, considers that the localization 
of the disease may be explained in part by the low virulence of the 
bacteria and that the attenuation may have adapted it in some vav to 
these special tissues He inoculated gumea-pigs with pieces of the gland and 
these animals slowly developed an abnoimal involvement of the hmph- 
nodes, while the animals inoculated with the meningeal exudate died in a 
much shorter time of a general tuberculosis This observation is of particu- 
lar interest and seems to lend suppoit to the theory that vaiious tissues of 
the body in some wa}’’ are capable of modifying the action of the tubercle 
bacillus The recent work of Liebermeister® is of interest in this respect 
He could not demonstrate that tubeicle bacilli obtained from one organ 
tended to bring about lesions of this organ when injected into rabbits 
On the other hand, he showed definite^ that when the bacilli were 
mjected into the circulation, certain organs namely, lung, livei, iris 
lymph-node, etc , were involved in the order named, and what is of most 

4 See Pirquet’s division into priniar;^, secondary and tertiary tubei ciilosis 
Allergy, Arch Int Med, 1911, vii, 403 

5 Liebermeister Beitr z pathol Anat u allg Patliol , 1911, 1, 398 



M G WINTERmTZ 


()07 


inteiest, the lesions weie most malignant in the lungs and most benign 
if these terms be permitted, in the liver These results confirm the find- 
ings of tuberculosis in man There are such organs as the lungs •whicli, 
first, arc exceedingly prone to the infection, and in vdiich, secondh, the 
process usually develops rapidly They are such organs as the livei vhich 
aie also prone to the infection, but where the piocess is, as a rule, lapidh 
healed, and lastly, there are organs, such as the th3noid, pancreas and 
muscle, which are larely affected Our own case is a striking illustiation 
of the second group Here the tubercle bacilli were fed to the Inei m 
large quantities, and while the lesions were extensive, most of them veie 
the 1 esult of healing of the tubercular foci 

The predilection of certain geims to manifest then specific lesious m 
definite tissue, while neighboring tissues may remain unaffected, 1“= '=0 
widespread and well recognized that it suggests the possibility that specific 
tissues may have some t3pe of lesistance to specific bacteria This 1=5 
confirmed to a certain extent by the recent work of Levin,® who concludes 
from his experimental injections that the reason carcinoma for in'? meta=- 
tases in Ijmph-nodes is not due to differences in the channels of tiau-^- 
portation in carcinoma and sarcoma, but due to the specific aninit\ 
between carcinoma cells and the cells of 13'mphatic tissue 
Johns Hopkins Hospital 


G Levin Joui Expei Med, 1911, mv, 148 



STUOrES OF MALARIA lA" PANAMA lY PELATIOX OF 
MALARIA TO OTHER DISEASES WITH 
ESPECIAL REFERENCE TO 
DYSENTERY ' 
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This stiicl^ Mas begun Mitli the idea of e\amnnng data beaiing on the 
so-called dysenteric t 3 'pe oi peinicious inalaiial fe\ei The stud) natu- 
lalh extended itself until it included besides the inalaiial feveis the 
SIX hugest gioup': of disease met uith in Panama^ nameh^ acute d)sen- 
toi)j amebic chsenten, typhoid feici pneumonia, imlnionan tubeiculosis 
and chionic nephiitis The statistics that Mill be gnen covei the years 
I90S and 1910 duimg yyliich the lecoids of the hospital aie most 
complete 

Among eighty -eight cases of peinicious malaiial ferei that occuried 
in Colon Hospital fiom Noy^onibei, 1907, to May 1910, thiiteen patients 
had diaiihea, u'Jually slight, and tyyenty patients yy^eie constipated The 
lemaiuing fift)-thiee patients shoyyed no intestinal distuibance All 
patients yyeie gnen as loutinc 3 giains of calomel on the ey'enmg of 
admission and 2 ounces of a half satuiated solution of magnesium sul- 
phate the folloyviug morning The slight diaiihca noted in a feyv cases 
yy^as not in excess of yyhat might be accounted for by the puigatives It 
IS safe to say that without puigatnes a gieat ma^oiit) of the patients 
yvoiild have been badly constipated In not a single instance yyeie theie 
dysenteiic phenomena — diaiiliea, tenesmus, and stools containing blood 
and mucus I have obsenecl, also man) othei peinicious cases in Panama 
yydnch aie not included in this senes, and I have seen neithei the 
“choleraic” noi “dysenteiic” types, although I have yvatched foi them 
carefull) The intensity of infection in the peinicious cases has yaried 
all the yyay"^ up to a 66 pei cent infection of the led coipubcles in the 
peiiplieial blood 

I may say at once, then, that the “clioleiaic” and d)senteric t)pes 
of pernicious malaiial fevei have not occuiied in my experience in 
Panama and I knoyv of no such cases in the liteiatuie in yyliich coinei en 
bacillaiy d)senteiy or other intestinal bacterial infections have been 
excluded by bacteriological examinations of the dysenteric stools The 
meie piesence of many malarial parasites in the intestinal capillaries o 


"Fiom the Medical Clinic of Colon Hospital, Cristobal, Canal Zone 
‘^Kead at the meeting of the Los Angeles County Medical Socie j, c , 
’^Manuscript submitted for publication March 11, 1912 



Takli: 1 — CoNDinoNb Complicating MAtAKiAi- iNFEcrioifs by Mo^jths eob 1908 and 1910 


WILTER V BREM 


non 


I9X pUB iVJ 

1— lOO&Or-HOOi-iOOOCO 

COCO'-'OCOOOOO — 

-• 

Y a iNl 

r— lr-« 0 '— «rHf-HCOO-^T-H'^lC(M 

CM 


B 

tqo ST:jiTq(l9^ 

l>-COCOlOOOO':i'0<Mt^OO»— f 

1 — { i-H r-H r— < rM r-H 

1—i 

OHjil>.cOCGlOGlC'COl'-CC-^'^l 

^ r— < f— * f— t f-H 1 — . 


laX puB qx 

r-lNOOOOOOOOOOCO 

ooooooooooooto 


V a pu^ qji 

rHlOrHOOOi-HOQOl’^rJnOC' 

CM 



ind qx 

COC<lOOOCOO‘^lOO<M^<»0 

t^OCDCCCGOOGlt^**'»-Hl^'^ 

f-H r-H f-H f-H GJ f-H f-H i-H »-H ^ f-H CD 


I9X puB 
Biuomneux 

0i-<00r-(000>-t000e0 

c>oooooooi>ooco 


V a P«'« 

Biuonineux 

i-(Oi— iO^>— IfMi— i— I,-|(M,— loq 

rH 

1— 'OOO'— 'OOl— 'O'— lOi— It'’ 

t- 

r-^ 

Biaoranaiix 

«COCOI>-COrtiOOC51>-CO 

rH 1 — 1 ^ l rH 

f-H 

T^lGl^-Ht-0(-HG^C^OlOsD'^C^ 
f-H i-H r-H CO 

Cl 

laX puB 

ptoqd^X 

rHi— IOOtOOOOi-(i— lOOO 

OOO'-hOOOOOOOO'-' 

1- 

IHHEii 

Or-ip-MOOr— iOwr~«^-TCNJ»~' 

r— < 

r-'Or-'OOOOOOOC'-'C~ 


ptoqd.Cx 

f-H f-H CD 

CO G1 CO -i' ec ^ ^ sD -H 01 ^ 

^H 

tax P«^ 
•sRci oiqaiuy 

OOOO'-I'-hOOi— ir-iO'-HlO 

ooooooccooooc 


Y a P«T3 
s{(j[ oiqaiDy 

<Mr-HO<MOe)r-^r-l'^'^C^-t^CO 

<M 

OOOOOCO'-''-iO'-iC'“ 



•T^OCDCCOr^O<MOO":^OCO 
r~l ^H f-H f— H *“H 

r-H 

mc)"— -i''— 'ftT'C!'— 'O''! 

no 

^ rax P«« 

saq a^tioy 

O'— lOOOOOOOOOOi— 1 

r-'OOOO'-^CO'— 000“^ 

- 

y a puB 
Sjf(j ainay 

1 — ITi’CNOi— lOOrH'— ICOCOCMCO 

r*H 

(M’— lOi— lOO— ■o^lp-'- 


SiC(j a:jnoy 

Ot^COlDCM^’^lOlOlOt^O'^ 

CD 

OCOOC'—'OtM^C' — O" — 

cr 

■i rax 

incooooootN 

lOOOCQCO<M<Nt^t-C^O(NN<P 

f-H cr f-* CG G1 cr o CD -- 

^ 4p— — 

— — , ' 

- 1 

r. ! 

*Y a 

Sa O-^COOC-l'-'y, 

Ol 

O t'- cc ^ 1 - CD 'M D — tr 

-*1 Gl to tD D" * — 1-“ 

GJ ^ GI •— ^ 

1 pin: 

1 

Date 

S S r 

^ 5 ^ CJ -5 w ^ ^ ^ * 

SC":; i > 5 

— ;:?7oCo 

1 

J 

1 ( 

( 

f 

t 

1 

o -z Z j=. \ ^ 1 


1 orl I in 






































700 


TUB ARCHIVES OF IHTER-NAL MEDICINE 


certain d 3 ^senteiic patients is not sufficient evidence to prove that the 
djsenter} v as of malarial origin The dysentery itself, as will he shown 
later, probably tends to cause an exacerbation of a latent malarial mfec- 
tion Thirty-nine of our eight 3 '-eight patients with pernicious malarial 
fever died and practically all of them were examined post mortem In 
none was there any evidence of enterocolitis 

On the othei hand, a small percentage of both estivo-autumnal and 
teitian malaiial infections of mild or moderate intensit^^ have been 
complicated by acute dysenter 3 Likewise a small percentage have been 
complicated by amebic d 3 senter 3 , typhoid fever, pneumonia, pulmonary 
tuberculosis and chionic nephritis 

Table 1 lepresents the number of these complicating infections b} 
months for the 3 ears 1908 and 1910 In connection with it, it is inter- 
esting to note that during tlie year 1908, 28 32 per cent of the emplo 3 ees 
of the Isthmian Canal Commission uere admitted to the hospitals with 


Tarle 2 — SiimuAG iiii Percentage of Maeabive lA'rECXioNS Complicated by 

Other Diseases 



malaiial feier, while during 1910 onty 18 6 per cent were admitted’ 
That is, the number of malarial infections m 1910 was almost exactly 
two-tliirds of the numbei in 1908 The effect of this difference on the 
fiequency of complications is striking 

For pui poses of anal 3 ’^sis it is necessary to construct subtables from 
Table 1 

Malarial infections weie complicated by the above diseases in such a 
small percentage (1 per cent or less) of instances that it is impossible 
to think that malaria was concerned with the onset of any of them 
Furtheimore, there is no striking difference in the relative percentages, 
as there should be if malaria weie an etiologic factor in any one The 
peicentage of complications by acute dysenter 3 - is practically the same 

1 Gorgas, W C Report of the Department of Sanitation of the Isthmian 

Canal Commission for the month of January, 1911 + + 1 , + 

2 Recent hacteriological studies conducted at Colon Hospital indma e a 
most of the cases of acute dysentery are due to B dysenfen(B (Shiga an is 
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as b}^ amebic dysenteiy The table does not yield the shglitest e\ idenr o 
that malaria predisposes to any of the complicating diseases included in 
the tables 


Table 3 — Showing the Percentage of Other Disevses Complicated b\ 

jMalaria 




E 

A 

Ter 

Coi rectccl lei 


Total 

i 

Pei 

1 

Pe. i 


Per 

Disease 

No 

No 

cent 

No 

cent 

No 

cent 

Acute Dysentery 

168 

32 

19 0 i 

4 

24 

20 

120 

Amebic Dysenteiy 

150 

31 

20 6 ’ 

5 

3 3 

25 

10 7 

Typhoid fevei 

113 

14 

12 4 

7 

62 

35 

31 0 

Pneumonia 

244 

17 

70 

3 

1 2 

15 

62 

Tuberculosis 

353 

35 

10 0 

3 

09 

15 

4 2 

Nephritis 

243 

39 

16 0 

4 

1 6 

20 

82 


The column ^‘corrected tertian” indicates what would have been the 
tertian complications if the number of tertian infections (784) had liecn 
equal to the number of estivo-autumnal infections (3,907) 

In order to mterpiet Table 3 it is necessaii to estimate the chance 
of coincident infections of malaria and the other diseases This v ould hr 


simple, given the population diawn from, if all the infection® lind 
occurred at the same time, or if all had continued throughout tlie tvo 
3^ears For instance, suppose the population diawn fioin to be 13 000 Of 
this number 168, or 1 12 per cent, had acute dy=entei}, and 3 90 < liad 
estiv o-autunmal malaiia Then 1 12 pei cent of 3,907 would indicate 
the number of estivo-autumnal infections that would piobabh be compli- 
cated by acute d 5 'senter 3 ' , that is, about fort 3 -foui cases Lut all tin 
infections did not occur at the same time Thev veie di®tiibutctl .i' 
shovn in Table 1, throughout the 3 eais 1908 and 1910 In oidci to obtain 
the true rate of coincidence, therefoie, it is neces^an to calculate ihr 
chance of S3Tichronous infection for each month in the tvo lear^ Taldo 
shows how this was done to obtain the number of infections that m _hl 
be attributed to coincidence in the case of estn o-autumnal malaiia rno 
acute d 3 "senter 3 ^ The population that Colon Ilospital drev it pai cpi 
fiom in 1909 was approximately 16,000, in 1910 13 oOO 

Coincident infections of estivo-autumnal malaria and . cuie di.-iii 
could be expected, then, m only about two instances It i- unnec_ ^ ^ 
present a similar table for each of the diseases studied liui. 
foi each has been worked out The results are given m Tab e 
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Tabu 4 — Siioamxg Cii\xcl or Col^CJDKM lArccTioA's oi Estivo AuroMNAL 

Maiakia aad Aclil Dislmiuii 


Date, 1908 

Population 16 000 

Cases of 
Acute 
Dj sentei s 

Propoi tion of 
Population 
Having Acute 
Dyseiiterj 

Cases of 

E A 
Malaiia 

Numbei of 
Coincident 
Infections 
Calculated 

Januai s 

0 


132 

050 

Febiuais 

7 


74 

033 

Maicli 

8 


62 

031 

Apiil 

J 


84 

026 

jMav 

2 


42 

006 

June 

4 


60 

017 

July 

4 

,00025 

354 

089 

August 

5 

00031 

402 

125 

Septeinbei 

5 

00031 

321 

099 

October 

5 

00031 

520 

103 

Xos cinbei 

7 

00044 

279 

123 

Deceinbei 

6 

00038 

147 

056 


Total immljei of coincident infections to lie expected in 190S 798 


1910, Population 13,500 





Januai \ 

10 

IjlBilH 

44 

052 

Febi inn 

8 


30 

018 

March 

9 


29 

019 

Apiil 

') 


59 

040 

MaE 

4 


57 

017 

June 



298 

221 

July 

12 

00089 

356 

317 

August 

14 

00104 

277 

2bS 

Repteinbei 

9 

00067 

116 

078 

Octobei 

1 

00007 

52 

004 

Nos embei 

9 

00007 

49 

032 

Decembei 

3 

00022 

51 

Oil 


Total iiunibei of coincident infections to bo expected in 1910 


Total niimbei in 1908 and 1910 


1 895 


Oable 5 — Showiag the Chances or Coincident Ineections of Estes <> 
Autumnal Malaria and Other Diseases in 3 907 Cases 


Complicating Disease 

Xo of Cases 
of Complicat- 
ing Disease 

Calculated 
Coincidence of 
Infection 

Eeal Xo of 
Synchronous 
Infections 

Acute dysentei s 

Amebic dysentei 

Typhoid fe\ ei 

Pneumonia 

Tubei culo'sis 

Xepliiitis 

168 

150 

113 

244 

353 

243 

1 895 

1 S8S 

1 295 

2 484 

4 135 

2 646 

32 

31 

14 

17 

35 

39 
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This table is not exactly accmate It a=siimes that the inle"{ion= of 
each month occnried at the same time ciuiing the month oi that each 
infection lasted throughout the month This is an assumption of coui=e 
not stiictly true, especially in the chronic diseases, tubeiculosis and nepli- 
iitis, which, for purposes of discussion may be assumed to last a loai 
Calculating from this as a basis, the number of coincident mfectioiw oi 
estivo-autumnal malaria with tuberculosis would be about foitviiiiio 
with chronic nephritis, about thirty The calculated numbei of coincidenl 
infections of estivo-autumnal malaria with tubeiculosis and nephiitn 
approximately equals the leal number of synchronous infection = if T 
may use the word “infection” in connection with nephritis 

But the real number of synchionous infections with the other foiii 
diseases cannot be accounted foi by chance That malaria cannot be helf] 
lesponsible for the onset of any of the diseases has been shovn In a =tn(l\ 
of the pernicious malaiial cases and by Table 2 The alteinatno i^ Unit 
the diseases, acute dysentery, amebic dysentei}', typhoid fevei and jmcu- 
inonia, cause an exacerbation of latent malarial 101601100“=. and tlm 1“= 
probably the tine explanation A laige piopoition of the popuhilioii 
served by Colon Hospital has had malaria, and ve mar infei fiom oiii 
knowledge of malaiia that m a consideiable percentage of patients the 
infection was not eiitiiely eradicated, that is, thei still bad a latent 
malarial infection If it is assumed that 18 pei cent of the population 
had latent malaiia, then 18 per cent of the 168 acute d3sentei> casc^ oi 
thirty infections, would be superimposed on latent malaiia * If ibc-e 
thirty latent malarial infections were “lighted up” b} the dy^eiiten and 
if one adds to them the tvo cases of calculated coincident infection«, tlie 
number thiity-two is obtained, which is the exact nmnbei of real =Mirlno- 
nous intections Of couise this calculation is too exact to iepie=ent the 
truth of the matter, but I think that it indicates the tine explanation of 
the combinations of malaiia and the othei diseases in Panama 


If the explanation is correct, the inter pi etation of Tables ?> and i n 
clear Poui ot the diseases studied hax’e a tendeiic} to c<in=e an r'no.n- 
bation of latent malarial infections, and in the foJlovmg oidei nnirhu 
dr senteij’', acute dx'senteiy tiphoid fever lobai pneiiinonia In tlie di-- 
cussion following Table 5 it is concluded that tnberculo=i= and (hioni. 
nephritis piobably do not have such a tendenci and rlict the =MKhionni,~ 
infections can be accounted foi bi coincidence 


3 Dm nig tlio dl^ sea“;on of 1900 Darling deteriiiiiicd tlio litcnt n ilui 1 
in Milages A\lieiG no anopheles were biecding He found tint 10 jio'- tt u. m J- 
"ho \\eie at A\ork AMthont sAinptonn had paiasitc- Anion t le ^ 

i^panish and t^est Indian lahoieis the nte AAa= 10 pci cent Ihe rj ^ 

late taken the Aeai around must he much lamer than Dir iinr ‘ 

diA season and 18 pei cent '■eems o conseiAatnc c-timatc i u ir _ 

Jour Aniei Med A=sn 1909 liu 2051 ) 
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It IS probable that tins marked tendenc) of the d}senteiies, causma: 
a high late of synehionoiis infection, furnishes an explanation of the 
common belief that nialaiia ma} itself cause d'^senteiic phenomena The 
effect has probably been mistaken foi the cause 

Additional evidence against the malarial oiigm of acute d 3 Benteiy is 
found 11 hen one examines Table 1 by months In 1908, when the malaiial 
late 11 a= high the total numbei of cases of acute dysentery was only sivty- 
foui, and 28 pei cent of the cases iiere complicated bi estivo-autumnal 
malaiia On the other hand, in 1910 iihen the malarial late was onlv 
two-thirds as high the number of cases of acute dysentei^ was 101 oi 
two-thiids gieatei, and thcie iieie estii o-autumnal infections in onli 
13 4 pel cent of the cases The numbei of cases of acute dysenteri 
beais no i elation, therefoie, to the malarial rate, but the numbei of 
instances in which acute d 3 senteiy was complicated 1)3 malaiia is in diiect 
lelation to the malaiial late, and, presumabl 3 ', to the number of latent 
malarial infections 

Aftei the pieceding part of this paper was viitten a patient with an 
estivo-autumnal infection v as admitted to the hospital On the fifth dai , 
vhen his teinperatuie had reached noimal, theie vas a sharp secondaiv 
ii=e and on the sixth day a sharp dysenteiy developed with pus blood 
and mucus in the stools We immediately made eultuies on Endo’s 
medium, fiom vliich ve isolated B dysenicrm (His Y) This case was 
evidenth one of the laic instances of coincident infection due to chance 
for tlie d 3 senter 3 did not piccede the malaiial fevei and cause an exacei- 
bation of a latent infection, but it developed at the beginning of malaiial 
convalescence The d 3 sentei 3 ’^ subsided and the tenipeiatuie vas normal 
within three days This might easily have been considered an attack of 
malarial d'\sentei 3 if cultures had not been made 

COXCLUSIOX^S AKD SDM3LiI?T 

1 The so-called ‘^choleraic” and ‘^dysenteric” types of pernicious 
malarial feiei do not occur in Panama 

2 In a study of 4,691 malarial infections it was found that the 
number of cases complicated b3' acute d 3 senter 3 , amebic dysenter 3 ^, 
tvphoid fever pneumonia, pulmonai 3 tuberculosis, and chronic nephritis 

was in each instance 1 per cent oi less 

3 Malarial infection appears to beai no etiologie lelationship to acute 

dysenter 3 '- oi any of the above diseases 

4 All the above diseases were complicated by a considerable percen - 
age of malarial infections, the order of frequency being amebic d 3 sentery, 
acute d 3 'senter 3 ^, chronic nephritis, t 3 'phoid fever, pulmonary tubercu o^is, 

pneumonia , 

5 It IS shoAvn that the coincident occurrence of malaria with nepii- 

iitis and tuberculosis is probably due to chance, while the S 3 mc ronous 
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ofcniience of malaiia -with acute cl3sentery, amebic dysentery, typhoid 
feier and pneumonia is chiefly due to a “lighting up^^ of latent malaiia 
b} the other diseases The two forms of dysentery have about equal 
power to determine an exacerbation of latent malaria, the influence of 
tiplioid fever and pneumonia is only about one-third or one-fourth as 
gieat 

I wish to thank Col W C Goigas, Chief Sanitary Officer of the Canal 
Zone, for permission to use the material on which this paper is based 
I am indebted also to Mr Hiram J Messingei, Actuary of the 
Tiaieler's Life Insurance Company of Hartford, Conn, for examining 
and coiifliming the mathematics of chance embodied in the paper 
423 Secuiity Building 



STUDIES OU THE GIECULATION lU MAN' 

V EIPECT ON THE BLOOD FLOW IN THE HAND OF APPLYING 
DIFFERENT PRESSURES TO THE UPPER ARM, A CONTRI- 
BUTION TO THE CLINICAL MEASURE- 
IMENT OP BLOOD-PRESSURE 

G N STEWAHT 

Cr.EVEI,A^D, 0 

SECTION I THE INFLUENCE ON THE FLOW IN THE HAND OF A 
PRESSURE IN THE ARMLET EQUAL TO THE 

SYSTOLIC ARTERIAL PRESSURE 

The question has been often discussed whether in the clinical measuie- 
ment of blood-pressure the pressure regarded as systolic pressure is 
actually sufficient to obliterate completely the lumen of the artery or only 
sufficient, without obliteration, to block the passage of the pulse-nave, 
but scarcely, so far as I am awaie, has it been conclusively answered 
I have put it to the test in the following way using three of the recognized 
methods of estimating systolic pressure, that is to say^, the determination 
of the pressure at which the radial pulse first reappears after extinction 
(a) by palpation, (b) by the stethoscope applied to the biachial aiteiy 
at the elbow, (c) by^ the giaphic record of the Erlangei apparatus Broad 
armlets were employed 

I first attempted to compare the heat given off by one hand duimg 
compression of the upper aim, by a known pressure m the armlet steadily 
maintained, with that given off by'^ the other hand, in which the blood was 
circulating freely^ It is clear fiom the description of the method of esti- 
mating the blood-flow (Paper I) that for some time after complete cessa- 
tion of the flow, the hand will continue to give off heat to the calorimetei 
since its interior is at a somewhat higher temperature than the caloiimetei 
at the moment of introduction If the circulation is interrupted for a suffi- 
cient time, however the hand will eventually assume throughout its whole 
thickness the temperature of the calorimeter, and henceforth only' the 
small amount of heat produced in the resting and asphyxiating hand will 
be given off If we calculate the blood-flow in the hand after complete 
interruption of the circulation from the heat given off by the hand 

*From the H K Cushing Laboiatoiy of Evpei imental Medicine, Western 
Reserve University, Cleveland, O 

^Manuscript submitted for publication April 2, 1912 

*Paper I of this series, containing a description of the method, appeared m 
Heart, 1911 in 33, Papei II, Ibid p 76, Paper III, Am Jour of Physiol , 1911 
xxviii, 133, Paper Jour of Pharmacol and Exper Therap , 1911, ii, 47i 
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THE ARCHIVES OF INTERNAL MEDIGIRE 


('^lood-fiow” in this case being merely a phrase which it might be 
convenient to nse foi the sake of uniformity)^ it will come out greatei 
immediately after the interruption of the circulation than latei on, and 
vill diminish steadily Where the flow is paitially inteiiupted the slope 
®f tempeiatuie in the hand may be expected to be altered also but to a 
less extent than after total intenuption The flow calculated in tlie usual 
way u ill then come out somewhat greater than it actually is, but bj and bj 



Fig 1 — and E represent the change Tritli the tune measured from the begin 

H 

ning of the experiment in the quantity which measures the blood flow, an 

T— r 

D, the diffeience in this quantity for the two hands (Exper 1) 

a steady slope of temperature will he agam established and henceforth the 
calculated and the actual flows will be identical Wlien the ciiculation is 
reestablished through the hand m which it has been eompletel} stoppe , 
some of the heat brought to the hand by tlie blood will at first go to lea 
the interior of the hand till the steady state has again been reached, an 
the calculated flow at first will therefore be less than the real flow 
Usually in the following pages the heat exchange has alone been gn 
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when the ciiciilation was totally or partially inteirnpted, and has not been 
tianslated into "d)lood-flow ” Experiment 1 will illustrate the course of 
the heat exchange with total inteiruption of the circulation The results 
of this experiment, as displayed in Table 1, are plotted in two different 
ivajs in Figures 1 and 2 

Experiment 1 — M C , a healthy man, 23 years old 3 45 p m , systolic 
aiteiial pressure in right aim taken with Eiva-Roeci appaiatus (aimlet 12 5 cm 
broad), 115 mm, m two obseivations (subject sitting) 3 49 p m Hands put 
into hath, armlet being left on right arm but disconnected from inanometei 
Mouth temperature 36 75 C , pulse 88 (sitting) , room 25 1 C 4 00 p m Calori- 
meter R 29 675 C , L 29 74 C , 3,015 c c water in each calorimetei 4 01pm 
Hands put into calonmeteis, right, as always, into R, left into L Armlet on 
light arm at once connected with manometer but no pressure made as yet At 
4 07^2 made piessure of 115 mm mercury on right arm At 4 26% released 
pressuie At 4 37 p m removed aimlet At 4 42 removed hands from ealori- 
metei At end of expeiiment the right hand felt a little swollen Its volume wa& 
493 c c , that of left 459 c c 


H 

In Figure 1 the quantity • ij -, 


(wheie T is the temperatuie of the 


aiteiial blood, T' the mean temperature of the calorimeter, and H the 
heat given off to the calorimeter), reckoning from the first observation 
after the hands were introduced into the calorimeters, is plotted for each 
hand along the veitical and the time along the horizontal axis Thus, 

7. . r H 

it and L in Figure 1 represent the way in which the quantity 

increases with the time for right and left hand respectively '\Vlien the 
flow IS unhindeied this quantity, multiplied by the reciprocal of the 
specific heat of blood, coi responds to the amount of blood which has passed 
thiough the hand from the beginning of the observations to the time 

H 

iepie«ented by ani point on the curve is the quantity w^hich 


nieasuies the blood-flow on the assumption that the slope of temperature 
thioughout the hand remains steady As already pointed out, this assump- 
tion IS only justified for a hand through which the blood is steadily flowing 
and not foi a hand in wdiich the flow has suffered an abrupt change or 
been inteiiupted altogether Since in accordance with the plan of the 
expeiinients, inteifeience with the circulation was always caused in at 
east one hand, it was considered that for most purposes it would be more 
instiuctive to coinpaie the amounts of heat given off by the hands without 
le eience to the factor T — T' For this comparison it is enough to take 
t le calorimetei temperatures at each time, corrected for loss of heat to 
le loom and foi the difference in the volume of the hands, and in all of 
° Figures, including Figuie 2, this has alone been done 

^ 1 1 unobstiucted circulation, equal increments of temperature (thus 
^orrcciecl) coirespond to equal blood-floivs in the two hands so lono- as 
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the mean temperatmes of the tw'o calonmeteis lemain the same When 
the temperatuie of one calorimetei uses above that of the other the blood- 
flow through the hand whose calorimeter shows excess of temperature 
increases more rapidly than the excess of temperature Por most of the 
experiments, however, the temperature of tire calorimeters remained so 
nearly the same that when the curves representing the increase of temper- 
ature of the calorimeters (vith unobstructed florv) are parallel to each 
other no serious error is introduced by assuming that the blood-flow m 
the two hands is then the same Still, to see whether with such changes 
of temperature as occurred in the calorimeter in any one experiment there 
would be anv marked dilfei ence between the curves when plotted m the two 



Fig 2 — R and L (conected) calorimeter temperatures for riglit and left hand, 
respectively (in Experiment 1) D, diffeiences in these tempeiatuies R had no 
become quite hoiizontal when the pressure was leleasd i e, the light hand was 
still giving off some heat to its caloiimeter (not, howevei, due to a flow o oo 
in it, as shown in other experiments) 

ways, both methods were adopted for Experiment 1, where the difierence 
of temperature was greater than in any of the other experiments and where 
accordingly the difierenee between the curves yielded bj'’ the two metho s 
would be at a maximum Inspection of Figures 1 and 2 shows that the 
results are not obscured whichever graphic method is adopted 

Table 2 of the same experiment shows the quantities of heat given o 
by the two hands per 100 c c of hand pei minute for seven perio s. 
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making in tli6 aggiegate a littlG ovGr thirty-four minntGS Tho first pGiiod 
(five minutes) was bGfore pressure had been raised in the armlet, and 
the last thiee peiiods after the pressure had been released 

Foi a pel rod of four and one-half minutes beginning two to three 
minutes after establishment m the cuff on the right arm of a pressure 
equal to the systolic pressure, the heat given off by the right hand was 
oiil) 18 9 small calories per 100 c c per minute as compared with 73 6 
caloiies before the pressure was established Foi the next five and one-half 
minutes the heat given off by the right hand was 8 9 , for the next five 
and one-quarter minutes, pressure being still maintained on the right 
arm, only 6 7 small calories per 100 c e pei minute If we take the heat 
pioduction of the resting hand at 1 small calorie per 100 c c per minute,’- 
this uould leave, on the assumption that a steady slope of temperature 
had been again at this time established in the right hand, 5 7 small calo- 


Table 2 (Experiment 1) — Heat Given Off per 100 cc of Hand per Minute 


] 

Period 

Heat Given Off 

Mean Temp 

Blood-Elow 

Pressure in 

in Mins 

in Small Cal * 

of Caloiim’s 

^ inGiams‘ 

Armlet 


K 

L 

R 

1 

L ! 

1 

R 

t 

L 1 

j 

R 

L 

t 

1 

5 

73 6 

70 9 

■PPI 

30 04 

12 14 

11 74 

H||M| 

0 

41/2 

18 9 

59 5 ! 

BiiEkh 

30 66 


10 84 1 


0 

51 /-. 

90 

74 7 


30 97 


13 11 


0 

5% 

67 

47 4 

30 49 

3127 


9 91 

115 

0 

<1 

18 0 

37 7 

30 56 

31 59 


8 11 

0 j 

0 


24 8 

37 7 

30 64 

31 75 


8 38 

0 

0 

G 

35 4 

35 2 

30 82 

3194 


8 13 

ot 

0 


100 c c of haud per minute jArmlet off 


lies pei 100 c c per minute as the heat given off by the blood passing 
tluough the hand, corresponding to a fiow of almost exactly 1 gm per 
100 cc per minute or one-twelth of the original amount It is quite 
ceitain, however, that at the moment when the pressure in the cuff was 
released the steady state had not yet been attained in the hand and there- 
fore the conclusion may safely be drawn, even from this experiment, 
vhich was not carried on for a sufficiently long time to afford a decisive 
est, that the flow, if any, in the right hand must have been less than 
oiie-f-ft elf th of the unhindeied flow 

As already pointed out, on reestablishing the circulation a portion of 

a^!t file blood must go to warm the hand itself until 

a s eady slope of temperature has been once more established The heat 
-lien off by the hand whose circulation was stopped must therefore for a 

1 Heart 1911, m, 44 
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time be less than that given off by the other This is cleailv shown m 
Experiment 1, Table 2 Eor the fust foui minutes after release of the 
pressure the light hand gave off only 18 6 calories per 100 c e per minute, 
about half the amount lost by the left hand Even ten minutes latei it 
IS piobable that the stead} slate had not been attained since the flow 
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Fig 3 — R and L (coi reeled) caloiinietoi tcmpciatmes foj light and lelt hand 
in Expoinnent 2, and D dilTeiences in tlicse teinpeiatnies 
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Fig 4— E, L and D have the same signification as in Fig 3 hut aie plotted 
fiom Expel iineiit 3, made with anothei peison So long as ttie , 

equal to or greatei than systolic piessuie^ T> is horizontal and 1 an ^ 

reckoned on the assumption that it had been leached, was onlj 6 63 gm 
for the light hand against 8 13 gm foi the left It must be rememieiec 
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that the flow is diiectly pioportional to the lieat given off and inveisely 
pioportional to the difference between the mean temperature of the calo- 
imieter and the temperature of the arterial blood coming to the hand 
It was soon seen that it would be too tedious for the subject to continue 
the expeiiment in this form for a long enough time to insure that the loss 
of heat from the occluded hand had become steady Accordingly another 
method was adopted which did not require that the observation should be 
earned to this point This method had the further advantage that no 
assumption as to the amount of heat produced in the hand in the absence 
of a circulation needed to be made The systolic pressure was first detei- 
mined m the two arms Then after a period during which the unob- 
structed blood-flow was measured in the two hands, a pressure equal to 
the systolic pressure was established in one armlet and simultaneously a 
piessuie consideiably higher than the systolic piessure, and therefore a 
pressuie certainly enough to obliterate completely the arteries was made 
in the othei Comparison of the heat given off by the two hands would 
now show ivhether there was any excess in the case of the fiist hand 
If not, it IS clear that no blood could be passing through that hand 
Expeiiments 2 and 3 are examples on two different healthy persons The 
lesults of these expeiiments aie graphically lepresented in Figures 3 
and 4^ lespectively In these figures the temperatures of the two calo- 
'iimelcis (coirected for loss of heat and for the diffeience in the size 
of the two hands), and the differences at each minute between the two 


tempcratuies, as shown in Tables 3 and 4, are plotted along the veitical, 
and the time along the horizontal axis It will be observed that with 
sistolic piessme on one arm and a very decidedly greater piessure on 
the other the cunes of heat loss for the two hands remain practically 
parallel This could not be the case unless the circulation was completely 
stopped at the lower of the two pressures It is only w'hen the piessuie 


on one aim is diminished distinctly below'’ the systolic piessure (Fig 4) 
that the cuives begin to diverge 

In Table 5 of Experiment 3, wherein the aveiage heat exchange of 
the hands is calculated for four-mmute to ten-mmute periods throughout 
the expeiiment, the same lesult is brought out in another wav Foi 
example the difference between the heat loss of the right and left hands 
leniains practically unchanged by the application of jiressures of 120 and 
1<0 lespectively to the right and left arms This could not he if the flow' 
as completely stopped in one hand and not m the other The difference 


mcieases veiy markedly when the pressure is made 50 on the right and 
100 on the left arm 


placed on both aims of M C Systolic piessme in 
The sill”' f ^ observations with Eiva-Rocci apparatus 

the 00=11^”' sitting in a high chair with his hands hanging down exactly in 
i = thev vould occupy in the caloriineteis It was always in this position 
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'1 ABLb 4 (E^PERmE^T 3) — Chakges IX Heat Givex Off by Haxds Uxder Variixg Pressures as Snomx by 

CALORIilLXER TEAIPFRAIURES 


lime 


Calonmeter Tempeiatuxe 
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1 4G 
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148 
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] 5ii;0 
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2 01 
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203 
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2 2] 
2 

2 B 


Actual 

Coriected 


Time 

Actual 

Corrected 


R 

L 

E 


Diff 


E 

L 

E 

L 

1 Diff 

31 02 

31 09 




2 24 

31 51 

31 57 

32 03 

32 

06 

0 

03 

3103 

3111 

31 04 

31 12 

0 08 

; 2 25 

31505 

31 56 

32 04 

32 

07 

0 

03 

31 09 

31 16 

3111 

31 18 

0 07 

2 26 

31 505 

31 54 

32 05 

32 

06 

0 

01 

31 17 

3124 

3121 

31 28 

0 07 

2 27 

31 50 

31 54 

32 06 

32 

06 

0 

00 

3123 

31 31 

31 28 

31 36 

0 08 

2 28 

31 50 

31 55 

32 07 

32 

08 

0 

01 

31 30 

31 37 

31 36 

3143 

0 07 

2 29 

31 50 

31 555 

32 08 

32 

10 I 

0 

02 

31 37 

31 43 

31 44 

31 50 

0 06 

2 30 

31 50 

31 56 

32 09 

32 

11 

0 

02 

31 305 

3147 

31 48 

3155 

0 07 

2 31 

31495 

31 56 

32 10 

32 

12 

0 

02 

31 405 

3153 

3156 

3162 

0 06 

2 32 

31 50 

31 56 

32 12 

32 

14 

0 

02 

31495 

3156 

31 60 

3166 

0 06 

2 33 

31 495 

31 565 

32 13 

32 

16 

0 

03 

31 535 

3161 

31 65 

31 72 

0 07 

2 34 

3150 

31 555 

3214 

32 

15 

0 

01 

3158 

31 66 

31 72 

31 79 

0 07 

2 35 

3150 

31 555 

32 15 

32 

16 

0 

01 

31 GO 

31 67 

31 75 

31 81 

0 06 

2 36 

31 52 

31 555 

31 19 

32 

18 

0 

01 

3102 

3169 

31 78 

31 84 

0 06 

2 37 

31 55 

31 56 

32 23 1 

32 

20 i 

0 

03 

31025 

31 70 

3180 

31 87 

0 07 

2 38 

31 575 

31565 

1 32 26 

32 

21 

0 

05 

31 03 

31705 

31 81 

31 88 

0 07 

2 39 

31 595 

31 56 

! 32 30 

32 

22 

0 

08 

31 03 

3170 

31 83 

31 89 

0 06 

2 40 

31 62 

31 57 

32 33 

i 32 

24 

0 

09 

31 035 

3171 

3185 

3191 

0 06 

2 41 

31 63 1 

31 565 

32 36 

32 

25 

0 

11 

31 035 i 

31 705 ! 

3186 

3192 

0 06 

2 42 

31 67 

31 57 

32 41 

32 

26 

0 

15 

3103 

31 70 

3188 

3194 

0 06 

2 43 : 

31 71 

31 59 

32 46 1 

32 

29 

0 

17 

31 02 

31 69 

3188 

3194 

0 06 

2 44 

31 72 

31 60 

32 48 

32 

31 

0 

17 

31 015 

31 69 

31 89 

3195 

0 06 

2 45 

31 735 

31 605 

32 51 

32 

33 

0 

18 

31 015 

31 085 

31 90 

3196 

0 06 

2 46 

31 77 

31 615 

32 55 

32 

35 

0 

20 

31 01 

31685 

31 91 

31 97 

0 06 

2 47 

31 78 

31 61 

32 58 

32 

36 

0 

22 

31 005 

31 675 

3191 

3197 

006 

2 48 

31 80 

31 02 

32 61 

32 

38 

0 

23 

31 GO 5 

31 07 

31 93 

31 98 

0 05 

2 49 

31815 

31 625 

32 64 

32 

40 

0 

24 

31 o95 

31 66 

3193 

31 98 

0 05 

' 2 50 

31 82 

31 63 

32 65 

32 

41 

0 

24 

ol oS 

31 65 

31 93 

31 98 

0 05 

2 51 

31 855 

31 65 

32 70 

32 

44 

0 

26 

01 d8 

3l 65 

31 94 

31 99 

0 05 

2 52 

31 88 

31 67 

32 74 

32 

47 

0 

27 

oi 0(0 

31 645 

3194 

31 99 

0 05 

2 53 

31 91 

31 70 

32 78 

32 

51 

0 

27 

«j1 0/ 

31 64 

3195 

32 00 

0 05 

2 54 

31 935 

31 73 

32 82 

32 

56 

0 

26 

»H OuD 
rrc 

31 635 

3196 

32 01 

0 05 

2 56 

31 98 

31 76 

32 87 

32 

60 

0 

27 

OI JQ 
*^1 :: 4 

31 63 

3196 

32 02 

0 06 

2 57 

32 01 

31 805 

32 91 

32 

65 

0 

26 

OI 04 

31 03 

31 96 

32 03 

0 07 

3 58 

32 04 

31 83 

32 96 

32 

69 

0 

27 

51 *;o 

31 625 

31 96 

32 03 

0 07 

2 59 

32 08 

31 875 

33 01 

32 

75 

0 

26 

Oi Oo 

31 525 

91 Kij: 

31 02 
31615 

3197 

31 98 

32 04 
32 05 

0 07 

0 07 

3 00 

3 01 

32 10 
32 13 

31 90 

31 93 

33 03 

33 07 

32 

32 

78 

82 

0 

0 

25 

25 

SI SI 5: 

31 

31 98 

32 05 

0 07 

3 02 

32 15 

31 94 

S3 10 

32 

84 

0 

26 

31 SIS 

31 605 

3199 

32 06 

0 07 

3 03 

32 16 

31 95 

33 13 

32 

87 

0 

26 

31 51 

31 GO 

32 00 

32 06 

0 06 

3 04 

32 18 

31 99 

33 16 

32 

92 

0 

24 

3151 

31 595 

32 01 

32 07 

0 06 

3 00 

32 20 

32 01 

33 19 

32 

95 

0 

24 

ol 585 

32 02 

32 07 

0 05 

3 29 

31915 

31 74 





Calonmeter Temperature 


table tlie differences lepiesent excesses of temperature of E ovei L , befoie 
' ' reniperature of L ovei E 
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that the piessuies were detei mined in this series of experiments Disconnected 
aimlets fiom manometers and put hands in bath at 2 45 p m , mouth 
tempeiature 3G75 lectal 37 225, pulse 87, room temperature 24 0 At 2 56% 
p m hands put into caloiimeters, as always, 3 015 cc water in each Between 
3 20% and 3 21 p m a pressure of 120 mm mcicury was established in left 
aimlet and 150 mm in light At 3 27 p m incieased piessure m right to 160 
to 170 At 3 34% p m piessuie leleased in both cuffs At 3 40 p m hands 
taken out of caloiimeters Volume of light hand 465 c c , of left 465 cc 

Experiment 3 — C B, noimal man, aged 23 jears Systolic piessuie (nitli 
Riva-Rocci apparatus) right arm 114 and 113 in two observations, left arm 
IIG, 118 and IIG in tluee observations Subject sitting with hands in position 
they occupy when in caloiimeteis Ilands put in bath at 1 30' p m, after dis 
connecting manometeis Mouth teinpeiatuie 3G 75 C rectal 37 2 C, pulse 104 
Room temperature 23 S C to 24 3 C throughout experiment At 1 40% p m 
hands put into caloiimeteis, 3,015 c c nater in each Between 1 50% and 150 5/6 


Table 5 (ExPERIJrE^T 3) — Quaxtiii or Heat Gnrv Orr by ILvkds Uxdep 

Varxing Pressures 


1 

Peiiod 

Heat Given Off ( Small) 

Mean ' 

1 

Temp 

Prcssui e 

in Minutes 

Cal pel 100 c c Hand pei Min 

of Calorim’s 1 

1 

J 

on Arm 


i 

1 R 

L 

Did 

R 

L 

R 

L 

9 1 

57 04 

56 51 

0 53 ^ 

3128 

31 32 

0 

0 

4 1 

20 42 i 

19 63 1 

0 79 

31 G1 

31 G8 

W « 

120 

5% 

9 89 

8 48 

1 41 

3163 

31 71 


120 

C 

6 28 

5 37 

0 91 

31 62 

31 69 

HI H 

120 

0 

3 91 

5 02 

1 7P 

31 57 

31 04 

120 

160 

5 

7 53 

4 42 

3 11 

31 52 

31 60 

100 

160 

10 

9 53 

9 08 1 

045 

31 50 

31 56 

SO 

100 

5 

28 54 

11 16 

17 38 

31 58 

31 56 

50 

100 

5 

28 54 

16 30 

12 24 

3173 

31 59 

50 

GO 

0 

29 53 

26 94 1 

2 59 1 

31 91 

31 71 

I 50 

50 

8 

1 

29 85 

1 

31 26 

1 

1 41 

j 

32 11 

31 91 

0 

1 

0 


"Excess of left ovei right The other numbeis in this column aie excesses 
of light over left 


p m a pressure of 120 mm nieicuiy nas established in the left armlet and 170 
mm in light These piessuies nere maintained (within 2 mm ) till 2 07% p m 
when the piessure in the left aimlet was made 160 mm and that in the light 
120 mm Ko change till 2 17% p m , wdion the piessure in the light was lowered 
to 100 mm , that in left lemaining 160 mm It wms soon noticed that the light 
foieaim became led Tlie contrast in color hctw'een it and the left became 
striking At 2 23% p m low'eicd piessuie in light to 80 mm, and at 2 24 5/6 
p m low'ered pressure in left to 100 mm At 2 29% p m made pressure in right 
65 mm keeping left at 100 mm At 2 35% p m pressure in right i educed to 
50 mm At 2 41% p m pressure in left reduced to 60 mm, keeping right at 50 
mm At 2 47 5/6 p m piessuie was also made 50 mm in left At 2 57 
pressure released completely in both aimletc At 3 05 p m hands removed fiom 
calorimeters Systolic piessuie again measured Right brachial 116 and 117 
in tw’O observations, loft 112, 114, 116 in three obseivations Volume of light 
hand 44 5 c c , of left 442 c c As both hands felt sw ollen, the volume w as again 
measuicd at 5 00 p m and found to be 410 cc foi right, and 405 cc for left 
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SECTION- II THE INELUENCE ON THE ELO-W IN THE HANDS OE 
PEESSURES IN THE ARMLETS LESS THAN 
THE SYSTOLIC PEESSUEE 

If the blood-flow is completely aiiested at a piessuie equal to the 
systolic piessure, it is a question of some interest how it increases as the 
pressure in the cuff is lowered from the systolic piessuie, or, what prob- 
ably comes to the same thing, how the flow diminishes as the pressure 
in the cuff is raised from zero toward the systolic pressure 

In Experiment 4 the heat given off by the right hand was compared 
with that given off by the left -when a pressure somewhat below the systolic 
pressure was maintained on the right aim while the flow through the left 
arm and hand was unobstructed The lesults are graphically shown in 
Eigure 5, constructed from Table 6 


Table 7 ( Experi-mln-i 4) — Heat Gncv On Under Pressures Below Systolic 

PrI SSURl 


Period 

Heat Given Off 

Mean Temp of 

Blood-Flow 

Pressuie in 

in Mins 

1 

in Small Cals ^ 

Calorimeteis 

111 gni * 

Aimlet 

1 

i 

1 

L 

1 

K 

I. 1 

, 1 

B 

L 

R 

L 

3 

1 

63 4 


29 78 

29 77 

10 40 

11 53 

0 

0 


13 3 


30 04 

10 16 


9 25 

niB 

0 

3 

8 7 

50 1 

30 05 

30,36 


9 07 

KB 

0 

3% 

10 1 

41 9 

30 09 

30 55 


78 

0 

0 

5 

29 8 j 

39 6 

1 

30 IS 

30 71 


68 

0 

0 


"Pei 100 c c of hand pei minute 


Ecpciimcnt ) — M C, Aimlcl of Eilangei splij gmonianonietei adjusted on 
iiglit aim but not jet connected -with manometoi At 3 22 p m hands put into 
hath at 3 'p m hands put into caloiimeteis and aimlet on light arm con- 
nected uith manometei, but no piessure yet produced Between 3 39 and 3 39 14 
p m made piessuie of 90 mm meicuiy on light aim and maintained it until 

3 50% P ID wlien piessure uas released Hands lemoied fiom calorimeters at 

4 00 p 111 Systolic pressure in right aim 100 to 105 mm in seven separate ohsei- 
vations Volume of right hand 465 c c , of left 435 cc, pulse 76 (sitting), 
mouth teinpei atiire 36 5 C , 3,015 cc uatci in each calorimeter 

If we compare Experiments 1 and 4 done on the same man on succes- 
sive days, it IS seen that with a pressure of from 10 to 15 mm below thie 
s 3 "stolic pressure the heat given oft was leduced nearly as much as with a 
jiiessure equal to the systolic piessuie In othei words, a pressure in the 
cuff 10 or 15 mm below the systolic pressure constituted an almost imper- 
vious block Thus in Table 7, Experiment 4, foi the first period of four 
and one-half minutes after the establishment of the pressure the heat 
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given off by the right hand fell from 63 4: small calories per 100 c c of 
hand pei minute, before the pressure was raised, to 13.3, and then, in the 
second period of three minutes, to 8 7, or less than one-seventh of the 
initial amount As already remarked, the decrease m the blood-flow must 
be still greater. This experiment was done bj the first method, and as 
previously explamed, it could not be satisfactorily continued for a time 
long enough to eliminate entirely the effect due to change in the slope of 
temperature in the hand after the circulation was interfered with In all 
the other experiments cited in this section of the paper the effect of a 
piessure below the systolic pressure on the heat given off by one hand wa's 
compared with the effect of a pressure equal to, oi greater than, the systolic 
piesmre on the other hand Thus, in Experiment 5 with a mean systolic 
pressure of 113 mm in the right biachial^and 118 in the left, the heat 
given off by the two hands was compared when the pressure in the left 



Fig 5 — R and L (conected) calorimeter tempeiatiire of right and left hand 
1 espeetivelv , D diffeiences between those tempeiatuies The curves aie plotted 
from Experiment 4 

aimlet vas made 120 (enough to stop the flow completely) and in the 
right 65 mm In the first ten minutes after the establishment of the 
piessure the heat given off by the left hand was reduced to between one- 
sixth and one-seventh of the initial amount, while that given off by the 
right was reduced onh to a little less than one-half The blood-flow in the 
right hand (on the assumption that the initial slope of temperature in the 
right hand remains undisturbed i e without allowing for any cooling 
of the hand, which would, of course, in any case be much less than for the 
hand m which the circulation was completely mterrupted) works out at 
t 45 gm per 100 c e of hand per minute for the ten-minnte period a® 
compared with 14 07 gm before pressure was made So that the handicap 
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of 65 mill pressiiie in the armlet did not cut down the circulation quite 
to half Probably the lediiction was even consideiably less than this 
Foi on leleasing the piessure, the flow, at least dining the eight minutes 
foi which it was still observed, did not regain its oiiginal volume, aver- 
aging only 9 38 gm pei 100 e c per minute foi the right hand Although 
a portion of this decline in flow is only appaient, and due to reheating of 
the hand, the fact that the flow m the left hand almost lecovered its 
oiiginal ratio to that in the right iiithin the eight-minute peiiod indicates 
that the flow was in any case diminishiug throughout the latter part of 
the expeiinient, and a portion of the diminution pioduced in the heat 
exchange of the light hand dining the pressure peiiod mai be attiibuted 
to this cause 

Erpenment 5 — M C Hands put in bath at 2 08 p ni Put armlets on (Ena- 
Eocci on right, Eilangei on left) and mcasuiod sjstolic pressuie with hands in 
bath Eight arm 112, 114 min in tA\o obseriations, left aim IIC, 120, mouth 
tempeiatuie 3G S C Hands put into calorimetcis at 2 271/6 p m 3,015 cc water 


l.VBLc S — IICAT Gi\en Off Durixg E\pnRisinXT 5 


Period 
in Mins 1 

Heat Given Off 
in Small Cals * 

Mean Temp of 
Calorimeters 

Blood-Flow 
in gm * 

Piessuie in 
Armlet 

1 

i E 

1 

L 

1 

E 

1 

L 

1 

E * 

L 

E ' 

L 

8 

i 76 09 

74 21 ! 

30 79 

30 S3 

14 7 

13 81 

0 


10 

35 52 

11 64 

3150 

31 35 



65 ; 


8 

j 41 2 

1 

42 2 

31 91 

3157 ! 

1 

9 38 

8 99 

1 




*Pei 100 c c of hand pei minute 


in each At 2 371/6 p m got up pressure of G5 mni mercuij in right and 120 
mm in left, and maintained these piessiires till 2 50i6 P m, when they were 
released At 2 59 p in lemoved hand from caloiiineters, dried and again meas- 
ured systolic pressuie in right aim (112 mm ) Volume of right hand 480 cc , 
of left 461 c c Eoom 24 2 C 

Expel tment 6 — C B Eiva Eocci on light arm, Erlanger on left Systolic pres- 
sure, right arm 110, 106, 100 (average 105) , left aim 104, 96, 98 (aveiage 100) 
At 3 10 p m hands put into bath, at 3 30 into calorimeters, 3,015 cc watei in 
each Pulse 106 (sitting), mouth temperatuie 36 5 C lectal 37 0 C Between 
3 40% and 3 40% p m pressure raised in armlets to 90 mm meicury in right, 
100 mm in left At 3 48 made pressure 80 mm in light, 110 in left At 3 53 
p m made pressure 80 mm in light, 120 in left At 3 57 made piessure in left 
130, keeping right at SO At 4 03 p m laised piessure in light to 130, keeping 
left at 130 At 4 10 p m released piessure in both aimlets At 4 18 removed 
hands from calorimeters, dried them and again measuied systolic pressuie with 
hands in the same position as during the evpenment, light 106, 107, left 108, 
112, 104, 108 (average 108) Volume of right hand 430 c c , left 424 c c 

In Experiment 6, from tbe data of whicbi Eigure 6 has been con- 
structed^ it IS seen that when a pressure equal to the average systolic 














Table 9 — CALORiMErtR Tejipebatures Dumng Expeui’ment G 


G N STEWAJiT 


721 



fi 


O) 

o 

/ll 

■ 

u 

o 

U 





irsoco(M»-HO'^cocooooc 4 ccc 500 coi>-cvioiri 

I— iOt^l-~CSrt'C<li-< 00 (Me< 5 eoNCOCaOe< 5 COC^CO(M/ 

I-IOOOOOOOOOOOOOOOOOOOOO 

oooootoooooooo&ootoooooo 


eOCSrt'OaiOCOi-H-^l:^ CCO'i'CMOCOOCOfM CO 
ca(MCMeo-*'*iococot-oot^(»C 50 iracocococor-ic<i 
oooo&ooooooooor-frHr-icqcMCMeoeo 


rH rH r— 4 i~l f— 4 rH rH rH rH r-4 rH f*I r-H rH 

COCOCOCOCOCOCOCOCOC«"COCOCOCOCCCOCOCOCOCOCOCO 


lC‘^C 0 Ca»-^lC>O^b-OO'^C 0 (Mr- TfiCO 


OCMir 5 C 3 C/DOG<I^OCC»Or-<t-l(M^l''OfMC 0 ^ 1 >*O 

CiOCiOOOOOOOi-Hr-lf-trHrHi-Hf-HO^CvICMCQCM 


O O O O O r-4 p— < »— I rH rH r-4 r-H rH r-^ rH rH rH rH rH rH rH rH 

COCOCOCQCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 


xo ic ic lo lo 

CM»— lrHrHrHOOOOO^OCiOOCOONeC|C 010 ir 5 »-H 

cococococooocococococot^i-^i''t^oococ 5 ooooco 


cocococococococococococococccocococococococoeo 


ir5 1 C ic ic ic VC 

CCOrHrHC 5 COlClCt-CCCOOCOCOCSfH(MTii«-J^lCOCOC<J 

COCOt^b't'-t-t^t^t^t^t^t^b-l'^t^COCOCOCOCOCOCOt- 

oooooooooooooooooooooc>o 

COCOCOe‘ 5 COCOCOCOCOCOCOCOCOCOCOCOC^COCOCOCOCOCO 


'<1 *<' 
tH^ rO ^ iH^ r^ tH^ tH^ iH^ 

COt-ODOOf- l<MCO'*»OCO-^COCiOi-l(M'd’UOCOb»COm 

usuomuoooooooo j>oor-H,— ii—it— i— ii— ii— irieo 

COCOCOCO‘^'^‘^Th^'^Tt''^‘^^^^T}’*T^ 'Tt' rji T}' rji 


OCOt^'-<«OU 5 ' 4 ’eO(MOC 5 COI^O»OCieO(NOOC 5 C 01 :~CO 
OOCOC 50 COeO-^’^-C 50 I-^COOC 50 C 5 C 50 C 5 C 5 Ci^'-l'- 0 ':^ 
O O O rH rH rH rH (M rH rH rH OJ rH rH 01 rH rH rH rH rH rH rH 

ootooooooooooooooooooooooo 


COOrJiCMOrl’Cl CO coorfid COOHj'lM COOTtid 
CO(^^<^^H^COOOCCIl^rr^OrHlOCOOrHrHr^TJ'Olrl^C 50 >-H 

OrHOjcoco'^iocstrcocococoooocniCiCscrsoooo 



CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


CO 

CO 

CO 

CO 


o 

CO 

b- 

rH 


o 

CO 


o 


o 

CO 


o 

1 C 

o 


Cl 

o 


o 

CO 

b- 

o 



CM 

rH 

rH 

1 C 

CO 

o 


(M 

C 5 

CM 

IC 

CO 

o 

rH 

rH 


1 C 

o 

CO 

o 

rH 

CO 

o 


o 

o 

rH 

(M 

(M 

CO 



1 C 

1 C 

o 

o 

o 

o 




t-- 


1 ^- 

t'- 

CO 

CO 

CO 


C 5 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

to 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


<N 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

rH 

o 


IC 


CO 

rH 

IC 

fM 

CO 

CO 

CO 

o 

o 

o 

rH 

o 

rH 

r-J 

rH 

Cl 

fM 

fM 

C' 

o 

rH 

CM 

CO 

CO 

rh 

1 C 

o 

o 

t- 

!>• 






CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

to 

o 

o 

o 

o 

o 

o 

o 

to 

o 

o 

o 

o 

o 

o 

CQ 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

















1 C 



1 C 






IC 


rH 

o 

IC 

rH 

C 5 

1 C 

rH 

1 C 

o 

CO 

IC 

1 — 

h- 

cc 

1 '- 

o 

c* 

o 

o 

rH 

<M 

CO 

lO 

CO 

C 5 

o 

o 


(M 

(M 

CO 



IC 

IC 

IC 

IC 

IC 

1 C 

IC 

1 C 

IC 

1 C 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

t> 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

to 

o 

O ' 

«N 

(N 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 1 


<1 CIvTIv'lvM <)v'l<‘) 01 <l<Iv*Iv.-K'l--rl 

tH^ rT' ro rn^ r^ rT* r-^ r*"^ ro tH^ 

rHC<ic^’^»ooi'^coc 50 '-HC‘ic^'-*'iocst'-.coc'Or-iri'^-^i -5 

e- 5 ccco'^cocococccorr'^'^T*-*Trr;'-H-*,H,-.- 4 .i^i^i^i^ir,^ 




















722 


TEE AEGUIYES OF lETTJRXAL MJJDJCJjSE 


piessuie was estaLhslied m the left aimlet and a piessure (90 mm ) 
15 mm below average systolic pressure in the light aimlet, the curves of 
heat loss remamed piactically paiallel for the two hands With 80 mm 
in the right armlet an inciease in the heat gnen off bj the light hand, 
distinct though not gieat, is shown With a handicap of 80 mm mercuri, 
say 25 mm below the s}stolic piessme, in the light aimlet a sensible 
although still only a relatively small amount of blood vas able to find its 
■nay below the cuff, vheieas a prcssuie of 90 mm in the armlet formed 
almost a complete bairiei 

In Table 10, Expeiiment 6, it ■nill be obseived that ■nith unobstructed 
ciiculation the left hand showed an excels of heat given off of 11 28 small 



Fig 6 — L and D the same as in the pieceding tiguie but plotted fiom 
Experiment 6 

calories per 100 c c per minute, as compared with the light The calcu- 
lated blood-flow (not shown in the table) was 11 45 gm per 100 c c of 
hand per minute for the right, and 13 46 gm for the left, an excess of 
nearly 20 per cent foi the left This, the opposite of the usual relation 
between the hands in right-handed persons, is doubtless due to some 
accidental temporary difference of vasomotor tone in the two hands The 
establishment of a pressure of 100 mm meicuiy on the left arm, and 
90 mm on the right, completely wiped out the excess of heat loss from 
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tlie left Band, conveitmg it into a slight excess for the right The ditfei- 
ence between the two hands with these piessnies in the armlets was so 
slight as to indicate that onl}’’ a veiy small part of the heat loss by the 
light hand conld have been due to the circulation of blood in it When 
the pressure in the right armlet was i educed to SO mm the heat given off 
by the light hand at once increased, while that given off by the left still 
continued to fall owing to equalization of the temperatuie of the left hand 
and the calorimeter For the twelve minutes duimg which the handicap 
of the right arm was 80 mm , the average amount of heat given off by the 
light hand per 100 c c per minute was, in lound numbers, 18 small 
calories and by the left 6 small caloiies The difference, 12 small calo- 
ries per 100 c c pei minute, represents the heat given off by blood flowing 
thiough the light hand, amounting to about 20 per cent of the initial 
unhindeied flow 


Table 10 — Heat Given Off During Experiment 6 


Period ' 

Heat Given Off (Small 

Cals ) per 

Piessure in 

in Mins 

100 c c Hand per Minute 

Armlet 


R 

L 

1 

Diff 

R 

L 


63 97 

75 25 

11 28* 

0 

0 

6 

17 32 

16 19 

1 13 

90 


4 

14 01 

6 66 

7 35 

80 


3 

23 95 

6 76 

17 19 

80 


5 

17 58 

4 86 

12 72 

SO 

130 

4 

7 56 

3 65 

3 91 

130 

130 

TV. 

17 05 

24 27 

7 22* 

0 

0 


^Excess of left over right The other niimbeis in this column are excesses of 
right over left 


In the latter pait of Experiment 3 (see Experiment 3 Table 5), it is 
seen tliat with a piessure of 50 mm in the armlet, when the systolic 
pipssuie was about 115, the handicap was only slight, the heat given off 
increasing only to a very small extent on leleasing the pressure The 
change in the right hand, which had been longest subjected to the lower 
handicap, is taken as a more accuiate gauge of the value of the handicap 
than that in the left, since the alteiation of the slope of temperature in 
the hand following removal of the pressure would be less The increase 
on reducing the piessure on the light armlet from 80 to 50 mm was much 
greatei than when it was reduced from 100 to SO mm The flow for the 
first period of nine minutes, with unobstructed circulation, comes out 
11 54. gm per 100 c c per minute foi the right and 11 4.2 gm for the 
left, calculated on the volume of the hands after the swelling had subsided 
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TEE AROEIYES OF IFTEUyAL MEDICINE 


For the first period of five niirmtes after the piessnre on the right arm 
had been reduced to 50 mm , the flow foi the right hand was 6 13 gm and 
for the second period of five minutes, 6 31 gm per 100 c c per minute 
For the next nine minutes it was 6 78 gm , oi about 59 pei cent of the 
mitial flow In realitj^ the handicap caused by a pressure of 50 mm does 
not reduce the flow nearly as much as 43 per cent For the calculated flow 
for tlie eight minutes after the pressure vas leleased is onlj 715 gm 
pel 100 c c per minute for the right, and 7 17 gm for the left This is 
only 5 per cent more than the flow in the right hand vith 50 mm pres- 
sure in the armlet The actual flow, no doubt, vould be somewhat greater 
siiiee a portion of the heat given up b} the blood uould go to heat the 
hand Still, the unhindered flov at this period in the experiment was 
certainly far below the initial flow, as might be expected after such a 
prolonged immersion, and, theiefoie, the reduction caused by 50 mm 
pressure in the armlet vas almost certainly much nearer to 10 per cent 
than to 40 per cent 

In the next series of experiments (E\peiiment=: 7 S and 9) a pressure 
equal to oi greater than the systolic piessuie was maintained in one cufC, 
while the pressure in the otlier oiiginalh laisecl to oi above the systolic 
pressure, was allowed to fall slouly and continuoush, the calorimeter 
temperatures being read fiom minute to minute It vas thought that bi 
plotting curves shoving for each minute the late of loss of heat for each 
hand and the pressure in the cufi m vhich it was allovcd to vary, an-^ 
abrupt change in the blood-flov, as the pressure fell, vould be easili 
detected The curves reproduced in Figures 7 to 9 (constructed from 
Tables 11, 12 and 13, Expeiiinents 7 to 9), show tliat this expectation was 
fulfilled 

Expenment 7 — C B Volume of light liand ut heginiung of e\penment 400 
c c , of left 385 cc before armlets were put on A Eiva-Rocci aimlet 121^ cm 
wide was now put on each arm Sjstolic pressure right arm 118 mm left 114 
mm At 3 19% p m hands put into hath after detaching manometers Boom 
temperature 23 3 C , mouth temperature 3G 3 C , rectal 37 2 C , pulse 80 (sit- 
ting) At 3 31% p m hands put into caloi imeters, 3,015 cc iiater in each 
Connected manometers with aimlets without getting up any pressure Between 
3 39% and 3 39% p m made pressure 120 mm mercury in each cuff Kept the 
pressuie steady at 120 in left, allowing that in right to fall slonly At 4 17 pres- 
sure released in both armlets At 4 27 hands removed from calorimeters Volume 
of right hand now 421 c c , of left 418 cc , with armlets still on but no pressure 
Systolic and diastolic pressures were now determined by the Erlanger sphygmo 
manometer Right arm, systolic 118, diastolic 78, systolic 118 and diastolic 78 in 
two observations Left arm systolic 122, diastolic 78 At 5 03 p m , after arm- 
lets were taken off, volume of right hand 402 c c , of left 395 c c 

Experiment 8 — INI C Riva Rocci broad armlets on both arms Systolic pres 
sure right 122, 124, left 126, 124 in two observations Volume of hands with 
aimlets on but loose and with no pressure, right 477 c c , left 455 c c Hands 
put into bath at 2 33% p m Mouth temperature 36 8 C , rectal 37 5 C , room 
21 4 C , pulse 100 (sitting) At 2 45% p m hands put into calorimeters, 3,015 
c c water in each Between 2 54% and 2 54% p m pressure raised to 130 mm 
mercury in each armlet Maintained this in left vhile allowing right to fall 



Tablc 11 — KncoRD of CALORistcTrB Teiiperatubes Under Varying Pressures in Expeuenient 
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slowly At 3 19% p m pressure released in both At 3 29 p m hands taken 
out of calorimeteis Volume of hands again measuied (witli armlets off) , right 
496 cc, left 490 cc Eeplaced cumlots and measuied systolic and diastolic pres- 
sures with Eilangcr apparatus Right Systolic 122, diastolic 88, another obser- 
vation, diastolic 90, anothei diastolic 80, another obseivation, systolic 120, 



Rig 7 — ^R and L (collected) caloiimeter tcmpciaturcs for light and left 
hands, respectively, D, differences betucen these temperatures, P, cune showing 
fall of pressure in right armlet Plotted from Evpeiiment 7 



Eig 8 — The letters have the same signification as in Fig 7, but the curves aie 
plotted from Experiment 8 

diastolic 88 Left arm Systolic 124, diastolic 94, another observation, systolic 
128, diastolic 90 Repeated measurement on right aim diastolic 90, systolic 12G, 
diastolic 82 As always, the hands weie hanging dowm as if in the caloiimeters, 
subject seated 



TAULE 12 — ^EeCORD of CALORIMErER TEirPERATURES, EXPERIJILNT 8 
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TIIL AliGEIVES OF IFTERFAL MEDICINE 


Expenment 9 — ^]\I C 2 45 p in Aolunie of hands before armlets -neie put on, 
right 450 cc, left 444 cc At 3 00 p m blood-piessure determined with Riva- 
Eocci apparatus bj stethoscope method Right arm At 122 sound began, at 92 
began to deciease, at 82 disappeared coinplotclj Another observation At 95 
sound began to decrease, at 82 complelclv gone Another observation At 124 
sound began, at 98 became suddenh less, at 85 completely gone At 3 13’^ p m 
hands put into bath vvutli armlets on but no pressure Mouth temperature 30 7 
C, rectal 37 05 C, pulse (sitting) 74 At 3 33 p m hands put into calorime- 
ters Between 3 43 5/G and 3 44 p in established a piessure of 130 mm in left 
and 140 in light ai inlet (bioad Rna-Rocci) ^Maintained pressure at 130 in left, 
and let it slovvlv^ sink in right At 4 OoYj p ni iclcased piessuie in both At 
4 11% p in hands taken out of calorimcleis and diied Blood pressuie again 
deteimined in light aim bv Rua-Rocci with stethoscope, and with Erlanger 
method and stethoscope snnultancoush' At 122 sound began to be heaid (this 
was also the sjstolic pressure bv Eilangei iccoid) , at 98 sound suddenly began to 



Fig 9 — The letteis hav'e the same signification as in Figs 7 and S, but the 
curves are plotted fiom E\periment 9 

dimmish, leappeared at 92, though not as loud as at fiist At 88 sound finally 
disappeared, and tins coriesponded to the diastolic piessuie by Eilanger record 
Other observations gave 85, 86 and 92 as diastolic pressure by stethoscope method 
Volume of hands again measured aftei taking off ainilets, right 486 c c left 
461 c c 

It Will be seen at a glance, in Figures 7 , 8 and 9, that as the pressuie 
goes on diminisliing in one armlet fioin tlie systolic pressure, the cuives 
R and L, representing the rate of heat loss of the two hands to the 
calorimeters, remain practically parallel till the pressure has fallen ver}’’ 


Table 13 — ^Eecobd of CALOKmETEB Temperatures, Experiment 9 
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consideiably below tbe S 5 stolic piessure This is shown most clearly in 
the cmve D, wliicli depicts the difleience in temperature of the two 
calorimeters at each point Tor a time it remains approximately parallel 
to tlie abscissa axis The first ahinipt change in D, obviously indicating 
the point atVhich curves E and L begin to diveige sharpl}^ corresponds 
to a pressuie of 72 mm in Tiguie 7 (systolic piessure 118 mm ), 77 5 mm 
in Figure 8 (systolic piessuie 122 mm ), and 77 mm in Fig 9 (sistolic 
piessure 123 mm) 

In Tables 14, 15 and 16 fiom the same three experiments the quanti- 
ties of heat given oft' by the two hands aie compared for the different 
piessures b} taking the average foi peiiods comprising several minutes 
Here also it will be noticed that the diffeiences in the heat loss of the two 
hands expeiience the fiist leall} maiked increase vhen the pressure in the 
right armlet is falling, in Expeiiment 7 fiom 67 to 61 mm, in Expeii- 
ment 8 from 77 5 to 64 mm , and in Experiment 9 from 77 to 65 5 mm 

The pressures at uliich the blood-flow is first notably increased in the 
observations in which the diminution of piessure in the armlet was pro- 
duced abruptlj'- b}' succes'^ive consideiable decrements, agiee very well 



with the ‘‘ciitical ’ pressuies obtained bj' the method of continuous escape 
The same is true of the critical pressure detei mined by raising the pressure 
in the armlet till the flow first begins to be seriously handicapped 

It IS easily understood why for some distance below the systolic 
pressure tlie increase in blood-flow should be inconspicuous Only the 
tops of the systolic waves are finding their way beyond the obstruction of 
the cuff, and the total flow in a given time is measuied by the united areas 
mclosed between the tops of the curve and the horizontal lines representing 
the pressure m the cuff Thus in the diagram (Fig 10) the increase in 
the flow when the pressure is reduced fiom the systolic pressure, 120, to 
100, IS obviously slight Even with a diminution to 80 the combined areas 
represent less than half of the area of the rectangle formed by the lines 
120 and 80 and the perpendiculars joining them A drop of 40 mm in 
the armlet from 80 to 40 will clearty produce a much greater increase 
in the flow than a drop of 40 mm from 120 to 80 This is on the assump- 
tion that the lumen of the arteries increases equall}’^ for equal decrements 
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Table 14 — ^Heat Given Orr bt Hands in Experi^ient 7 


Peiiodin 

Minutes 

Heat Given Off (Small Cal ) per 

100 c c Hand per Minute 

Pi essure in 

Aimlet 

R 

! 

L 

Diff 

R 

L 

C 

1 

32 70 

40 70 

8 00'^ 

0 

0 

5 

12 80 

, 1148 

1 32 

120- 88 i 

120 

7 

9 25 

7 57 

1 68 

88- 67 

120 

2% 

12 60 

7 06 

5 54 

67- 61 

120 

0 

13 35 

6 18 

7 17 

61- 55 ^ 

120 

8 

13 56 

3 31 

10 25 

55- 50 

120 

8 

16 44 

3 86 

12 58 

50- 40 

120 

10 

8 95 

24 43 

15 48'^ 

0 

0 


^Excess of left over light The other nirmbers in this column are excesses of 
right over left 


Table 15 — ^Heat Gi\en Off by Hands in Expepiiient S 


Period in 
Minutes 

Heat Given Off (Small Cal ) pei 

100 e e Hand pei Minute 

Pressure in 

Aimlet 

R 

L 

Diff *■ 

R 

L 

7 

48 43 

42 57 

5 86 

1 0 i 

■n 

3V2 

10 17 

18 21 

0 96 

123-100 


5 

13 42 

10 19 

3 23 

100- 77 5 


5 

23 31 

6 37 

16 94 

77 5- 64 

130 

2 

40 04 

3 84 

36 20 

64- 60 

130 

4 

41 93 

4 78 

37 15 

60- 55 

130 

4 

40 98 

6 64 

34 34 

55- 53 

130 

5 

37 19 

23 87 

13 32 

0 

0 

4 

29 14 

27 58 

1 56 

0 

0 


*Excess of right over left 


Table 16 — Heat Given Orr by Hands in ExPERiiiENx 9 


Period 111 
Minutes 

Heat Given Off (Small Cal ) per 

100 c c Hand per Minute 

Pressure in 

Armlet 


L 

Diff 

i ' 

L 

sy. 

60 52 

58 95 

1 57 

0 

0 

3^ 

35 85 i 

31 53 

4 32 

140-110 i 

130 


10 34 i 

11 18 1 

0 84t 

119-103 I 

130 

5y> 

9 74 ! 

7 04 

2 70 

1(«- 77 1 

130 

3 

12 74 ! 

6 98 ! 

5 76 

77- 65 5 

130 


23 02 ' 

5 40 ' 

17 62 

65 5- 59 

130 

4 

30 72 

31 08 

OSOt 

0 

0 

1 


^Pressure established in armlets onl% for the last 21S minutes of tins period 
vExcess of left oier right, the other numbers in this column are c'ccs-^es of 
light o\er left 
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of external pressuie, i e , foi equal inciements in excess of internal ovei 
external piessuie, within the uliole lange of the piessiires in question 
But MecWilliam- has shoim that for excised arteries not in a state of 
continuous post-inoi tern contraction, the expansion when pressure is 
applied within the lumen is much gieatei in piopoition to the pressure foi 
the first inciements of pressure tlian for further increments If we can 
assume tliat the arteries in the living aim are “soft’’ m the sense in which 
MacAYilliam uses the term in the case of excised arteries relaxed b}" potas- 
sium sulphoc}anid, or hr keejiing in blood at bod^ temperature for twenti- 
four houi«, ue have an easy explanation of the fact that after the critical 
jioint has been reached removal of the first 40 or 50 mm piessure in the 
cufC produces a far greater increase m the blood-fiow than removal of 
the second 40 or 50 mm Suppose the dia'jtolic pies'^uie is 90 mm Then 
when the pressure m the cutT is lover ed from 90 to 70 mm the arteries 
are distended by a permanent excess of pressure of 20 mm A further 
diminution of pressure in the ciitf of 20 mm i e , to 50 mm , corresponds 
to a permanent distending piessure of 40 mm vitliin the lumen of the 
artery A further diminution of 20 mm in the armlet (i e , to 30 mm ) 
corresponds to a distending piessuie in the aitei les of GO mm In one expei- 
iment of MacIYilliam the increase in cubic capaciti of the aiterv (ox caro- 
tid) inoduced b} increasing the internal piessure fiom 0 to 20 mm mer- 
cury was 14 (in aibitiai} units) , from 20 to 40^ 13, i e, in all 27 for 
the first increment of 40 mm , while an inclement of piessure from 40 to 
60 mm caused an increase in cubic capacit} of only 9, and from 60 to 80 
mm an increase of only 8, or 17 in all for the second increment of 40 mm 
in tlie piessure The initial capacity of the piece of aiten (17 mm long) 
would be 330 c mm , the lumen being 5 mm in diameter witli zero pres- 
sure From the data given, which, hover er, are not quite complete foi 
such a calculation, it may be reckoned that after the application of the 
first 40 mm pressuie the capacit}’- was increased to 520 emm and the 
diameter to 6 3 mm , virile after the second increment of 40 mm piessure 
the capacity was 640 c mm and the diameter 6 9 mm This is on the 
assumption that the capacity vas increased mainl} b}’’ an increase in the 
mean cross-section of the segment of arteir’’ without appreciable inciease 
in its length, an assumption at an} rate veiy likel}* correct for living 
arteries like the brachial opening up under the influence of the internal 
pressure as the pressure in the armlet falls iRow bj Poiseuille’s law foi 
tubes beyond the capillar}’" size the volume of outflow varies as the cube 
of the diameter, i e, in the experiment in question the flows for the 
three conditions of the artery would be in the ratio (63)® (69)® 
01 1 2 2 6 The second increment of 40 mm would therefore produce 
little more than half as great an mcrease in the flow as the first increment 


2 MacWilham Pioc Roy Soc , 1901, 109 
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of 40 mm in the piessiue, on the supposition that the flow through the 
arteiies in the region of the block depends merely on the cross-section of 
the arteries and vanes with the cioss-section accoiding to Poiseuille's law 
In our observations the diffeience would be much greatei, for in MacWill- 
lam’s expel iment the arteiy possessed so much rigidity that before pressuie 
was established the lumen liad a diameter of 5 mm , while in the living 
arm witli a pressure in the cuff not less than the diastolic pressure, it can 
be assumed that thej^ collapse completely after each pulsation 

So far we have not taken into account the complicating factoi that 
not only the arteries but the veins of the uppei aim are compressed by 
the cuff It may be asked how do we know that the total block which 
we have demonstrated to occui with, sjstolic pressure in the armlet is 
due to complete obliteiation of the arteiies and not simply to obliteration 
of the veins while the aitenes still remain partially open? The answer 
to this IS that the conclusions do not depend on obseivations made imme- 
diately after the establishment of the various piessures in the armlets 
If the arteries remain open with any given pressure and the veins are 
occluded, the pressure in the veins must eventually become equal to the 
aiteiial pressure, and blood will then again escape from the veins The 
handicap of the cuff, in so far as it consists in compiession of the veins, 
will thus be overcome, and the flow, the veins having once been filled to 
their new capacit]^, will then again become stead 3 % the same quantity of 
blood leaving the arm by the veins as enters it by the arteiies As a 
mattei of fact, Hill and Flack® have shown by actual experiment that 
when a piessure slightly below the systolic pressuie is applied to the upper 
aim, the venous piessuie in the forearm becomes equal to that in the 
armlet In a man with a systolic piessure of 220 mm , Hill applied a 
pressure of 300 mm to the arm and measured a venous pressure of 
200 mm in the forearm He did not approach nearer to the systolic 
piessure because of the discomfort caused to the patient 

In the obseivations which we have been discussing above it will be 
noted that the critical point in the falling armlet pressure, below which a 
fuither diminution of pressuie is accompanied b's a shaip increase in the 
flow, does not coincide with the diastolic pressure as measured by any of the 
clinical methods used but with a pressure usuallv about 10 mm lower In 
othei words, the piessuie in the cuff can be diminished 10 mm below the 
“diastolic” pressuie without apparently reiideiing it sensibl}’' easier for 
blood to pass through the previously compressed aitenes A fuither 
diminution of the pressuie in the armlet by 10 mm , however, leads to a 
distinct increase The most obvious suggestion is that the clinical methods 
of measuring diastolic pressure give somewhat too high a result But it 

3 Hill and Plack But Med Jour, 1909 i 272, Proc Phrsiol Soc Feb 
27, 1909 Join Physiol , 1909, xxxviii 49 Hill, Heart 1909, i, 74 
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IS possible that as oiii experiments necessaiil}' involve a considerably 
longei compiession of tlie arm than is practiced in clinical measurements 
of blood-pies‘:uie, the iigidity of the blood-vessels themselves or of the 
tissues immediateh suiiounding them, "when the piessure begins to be 
reduced, is greater than normal, owing perhaps to increased tonic contrac- 
tion of the vascular nail'; oi edema of the tissues But the discussion of 
this question uould lead us too far, especiall) as it is not necessary for 
the purposes of the present paper iSTev data u ould also be required before 
it could be profitably considered 

Certain piactical applications of the ob=enations described suggest 
themselves It is probable, e g, that in pathological cases measurements 
such as those given in Section II might throw light on the condition of 
the vessels as regards extensibilih The response of the blood flow in the 
hands to handicaps of various amounts (below the diastolic piessure) 
applied to the aim might even be expected to give something of quanti- 
tative precision to such iniestigations In conditions of arterial InTier- 
tonus due to increased peripheral resistance a given handicap on the arm 
might be expected to pioduee a smaller lelative diminution in the flow* 
through the hand than with normal arterial pressuie or in conditions of 
increased arterial pressure due to increased cardiac action, if such exist 
In certain cardiac lesions also it would seem that results of practical 
inteiest might be obtained br compaiing the change in the flow through 
the hand produced by a gnen handicap on the arm with the effect 
produced in noimal indniduals In aortic insufiiciency, for instance, it 
IS to be expected that a gi eater diminution of pressure fiom the systolic 
pressure would be required to cause a sensible increase in the amount of 
heat given off by the hand than is normally the case, and the difference 
might afford some index of the degree of insufficiency Finally, the ease 
or difficulty, as tested by the volume of the circulation in the hand with 
which a given handicap is borne at different periods in the history of one 
and the same ease, might afford infoimation supplementary to that 
acquired by othei methods, of progress or the leieise By the use of the 
foot caloiimeters the method is, of course, equal!} applicable to the lower 
extremities 

SUISOIAET 
SLCTIOX I 

It IS concluded, on the basis of observations on tw o healthy } oung men, 
that a pressuie equal to the systolic piessure, as estimated by’’ the clinical 
methods used, applied to the upper arm by’’ a broad cuff, causes complete 
cessation of the blood flow in the hand Since the pressure in the veins 
distal to the constricting armlet eventually becomes equal to the sy^stolie 
arterial pressure, this is taken to mean that the lumen of the arteiies 
under the cuff is actually obliterated 
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SECTION II 

1 "Wlien the piessure in an armlet compressing the upper aim is 
reduced fiom the S}stolic arterial pressure the blood flow in the coi re- 
sponding hand is only slightly increased for a considerable decrement of 
pressure 

2 The pressure in the armlet must fall somewhat below the “diastolic” 
pressure, as clinically determined, before any marked increase in the flow 
through the hand occurs 

3 The first decrements of pressure below this “critical” pressure are 
accompanied by a much greater increase in the flow through the hand 
than further equal decrements 

4 A handicap of half the “diastolic” pressure causes only a relatively 
small dimmution in the flow through the hand 

5 It IS suggested that the method of handicapping the circulation m 
the arm or leg by known pressures and observing in what degree the 
handicap is overcome, may in ceitain cases constitute a useful supple- 
mentary method of clinical investigation 



A METHOD EOR THE MICEOSCOPIC EXAMIHATIOH OF 
GASTEIC EXTEACTS AXD OF FECES 


FRANK SMITHIES, M D 
Rociir‘<rrR, 

Smeais of gasliic e\liacts oi of emulsions of fece^^ as oidinarily made, 
geneially leturn paitial oi unsatisfactoi} findings Tins is apt to be so 
when specimens aie examined with an oil-inimeision obiective At the 
laboratoiy of gastro-enfeiology of St j\rai} s Hospital (Ma 30 Clinic) in 
an effort to make of greatei uoith the lontine microscopic examination 
of gastiic extiacts paiticiilail) the piocednre de=:eiibed below lias recently 
been adopted 

Advantage is taken of the oppoitumties offeied b} agar solutions 
recently emphasized by Eoss ^ These mai be combined with anilin dies 
and eliemicals to suit the uoik in hand 

Agar Sohitions — Tuo pei cent agai solution is made by boiling up an 
appropriate quantity of best giadc ship agar in distilled watei The 
solution IS filtered seveial times uhile leii hot through double, h 3 'dro- 
chlonc-aciJ-waslied filtei papei On cooling it solidifies as a film jelh 
It should be fiaetionalh steiili/ed and lerdteied on three consecutne 
days 

For puiposes of comenience, o cc oflbe molten agai aie poured into 
each of numeious steiile test-tubes The tubes aie plugged uith steiile 
cotton and set aside at loom tcinpeiatuie The agai jellies and mai be 
used as desiied 

Stains — Thus fai ue haxe used coloiing agents in combination uitli 
agai solutions foi two puiposes (1) foi the diffeientiation of bacteria, 
blood-cells, epithelial elements, tissue-bits and the like, we have emplo 3 ed 
IJnna’s polychrome metln lene-blue, Giam's mixtuie hematox 3 din, thio- 
nin, methylene-blue (Loeffler’s) and 'Wright’s stam, (3) foi Hie diffei- 
entiation of starch lesidues, vegetable fibeis, moulds, etc, we have 
employed freshly piepared Lugol’s mixtuie 

Piocedwe — Foi each specimen of gastiic extiact oi feces emulsion, 
we make two agai-coloring matter combinations as follows The 3 per 
cent agai jelly is liquefied b 3 ’' heating ovei a Bunsen flame Two cubic 
centimeteis of the solution are pouied into each of two small test-tubes 
(those measuiing 10 cm x 15 mm answer vei 3 ’’ veil) Into each of the 


*Manuscnpt submitted for publication March 2b, 1912 
1 Ross, H C Induced Cell Reproduction and Cancer, Philadelphia, 1911 
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tubes are then ponied 15 drops of filtered staining agent Eor staining 
bacteria and the like vtq have found that Unna's mixture gives good 
results^ while Lugol's solution colors starch elements better than simple 
lodin The added stains aie intimately mixed with the agai and the tubes 
promptly placed in a beakei containing boiling water The agai is thus 
kept as a solution 

Yeiy tlim smears of the gastric extracts oi feces emulsions are made 
on cover slips It is desirable to avoid getting gross pai tides of food in 
the smears The smears may be dried in air oi bj lapidlv passing thioiigli 
a gas flame 

Onto the smear to be examined for miciooiganisms and allied ele- 
ments, by means of a pipet with a 1 millimeter bore is placed 1 diop of 
the agar-methylene-blne mixtuie The covei slip is promptly inveitcd 
on a clean glass slide The agai-stam mixture rapidly spreads to the 
edges of the cover slip As it cools the agai solidifies, while the stain 
mixed with it permeates the smear Sunilarh', to the smear to be exam- 
ined for starch remnants and the like, is added 1 drop of the agai-Liigol’s 
mixture The cover slip is mounted at once on the same slide as the first 
pieparation About two mmutes suffice for fiimty mounting and staining 
ordmarv mateiial In a senes, the first preparations are ready for exami- 
nation by the time the last are made 

ExaminaUon — The preparations are best examined by such light as 
comes from a iSTernst, Schwann oi tungsten lamp If electricity is not 
available a Welsbacli mantle light suffices When the specimens aie 
properly focused, using an oil-immersion ob]ective, it will be seen that 
bacteria are stained blue or deep purple (Unna's mixture) , blood-cells 
and nuclei are differentiated by pale pink and blue as aie also epithelial 
elements, tissue bits, if small, may show atypical, mitotic cells, muscle 
fibers are pink to red with deeper striation mucus is in bluish strips or 
whorls Unless the preparation is over stained, vegetable fibers leptothiix 
moulds, etc, aie but lightly colored In the smear prepared with agai- 
Lugoks mixture^ vegetable fibers leptothiix^ moulds^ and starch remnants 
are appropriately differentiated The latter may be araethvst-blue, with 
deeper staming centers or lammm reddisli-pink with mahogany-colored 
centers oi faint pink or colorless Budding veasts moulds, and occasion- 
al!} bacteria take a brownisli-blue tinge Yegetablc cells stand out piomi- 
nently as blue to brown reticulum Large masses of amorphous material 
stain variously, but are readily distmguished from microorganisms 

XJncolored Preparations — The agar without coloring agents added 
niay be advantageously used for mounting smears In fresh preparation^ 
vhen the smears are not dried motile organisms (bacteria protozoa) ma^ 
be observed for a long time This is facilitated when the specimen i= 
diluted with three volumes of varm normal saline solution before the 
smears are made. 
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ADVANTAGES OF THE JIErilOD 

A loutinc^ dilXeiential lepoii; on tvo do/cn smeais, fiom half as many 
specimens of gastiic e\tiacls oi fece'>j ma} be made in about ihiity 
minutes The specimens aie simultaneous]} mounted and stained The 
solidification of the agai gives so film a mount that the specimens ma} be 
examined with high oi lov povei, uith the stage of the micioseope at any 
angle Tlie mounting i'j sufiieientl} permanent to allow future study (ve 
have piepaiations shoving good fields aftei ten veelcs) drawings, 
photomiciographs, oi demonstration Compaiison of the smears on the 
same slide, but dilTerenlly ‘blamed, lesults in man} inteiestmg and instruc- 
tive obsei vationc 'j'heie v ould seem to be ad\ antages in using the method 
foi the obsenation of motile bacteiia, piolo/oa, oi cells vith ameboid 
actiiit}, when uiicoloied agai solution^ aie used 
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